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Composition of American Honeys 


By Jonathan W. White, Jr., Mary L. Riethof, Mary H.Subers, and [rene Kushnir, 
Eastern Utilization Research and Development Division, Agricultural Research 
Service 
Each year about 250 million pounds of honey is harvested by the 

beekeepers of the United States. This honey is produced by more 
than 5 million colonies of honeybees, owned by beekeepers whose 
operations range from the single hive of the hobbyist to that of the 
full-time commercial apiarist who may control many thousands of 
colonies. 

Hundreds of plants are known to be attractive to bees as nectar 
sources. Many of these, either cultivated or in the wild state, occur 
in local concentrations large enough to be valuable as sources of 
surplus honey. Since honey is produced i in each of the 50 States of 
this country, the possibilities for variation in its composition and 
properties are enormous. Added to the variety of nectar-secreting 
plants are the effects of beekeeping and farming practices, local 
climatic and environmental conditions, and soils, any or all of which 
might affect the composition of honey. It is apparent that honey is 
potentially an extremely variable commodity. This variability 
retards the extensive use of honey in many parts of the food industry. 
The trend appears to be toward standardization of ingredients and 
toward increasing use of materials of known composition. Honey, a 
most valuable carbohy drate that carries unique flavoring properties, 
is a relatively complex material whose composition, either in general 
or specifically, has been only imperfectly known and reported. 

Although hundreds of honey types and blends are known, only 25 
or 30 are of commercial significance. These are the bulk honeys of 
trade—the ones that are available from year to year and that provide 
most of the commercial beekeeper’s income. Little or no information 
has been available on the variations in composition to be expected 
among these honeys. 

Profound changes have taken place in agricultural practices in this 
country over the past few decades. These have been reflected in 
changes in the types of honey produced and also in the increased 
dependence of American agriculture on the honeybee for pollination of 
many crops. The last ‘analytical survey of the composition of 
American honey was that of Browne, published in 1908 (9). Honey 
samples studied were probably of the 1902 or 1903 crops. The pro- 
cedures then used for carbohydrate analysis of honey have been em- 
ployed ever since with only minor improvements (12, 25). Recently, 
innovations have been made (60, 54), and the resulting analyses are 
far less empirical than previous ones (34). Differences i in results for 
carbohydrates between old and new methods are sufficiently large 


1 Numbers in parentheses refer to Literature Cited, p. 40. 
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that it is necessary to re-examine the carbohydrate composition of 
honey by the newer procedures. 

A fuller knowledge of the composition of honey and its variation 
with floral source, age, production area, and crop year is essential 
to maintaining or improving its competitive position in the market 
and in the food industry. It is the objective of this bulletin to pro- 
vide such information. 

Only partial attainment of this objective is within our grasp. 
Physical limitations have confined our efforts to as complete an 
analysis as possible of 504 samples of honey and honeydew, repre- 
senting 2 crop years. These samples originated in 47 States and 
represent 83 single floral types, 93 blends of known composition, 
and 4 honeydew types. Certainty regarding floral type(s) of the 
samples is not absolute by any means; further comment on this 
appears later. Samples of the more common and important types of 
honey yield some information on variation due to area of production. 


REVIEW OF PREVIOUS WORK 


Relatively little attention has been given to the composition of 
American honey in recent years. About 500 commercial “honey” 
samples were analyzed late in the 19th century during Wiley’s crusade 
for the Pure Food Laws (59). At that time much of the honey on 
the market was adulterated with other carbohydrate materials. The 
analytical methods developed during that time were later used by 
Browne (9) and his report has remained the standard reference in 
this field. THe analyzed 100 samples of honey and honeydew from 
42 floral types representing 21 plant families. In addition to dex- 
trose, levulose, sucrose, and dextrin, the amount of ash, free acidity, 
and the presence of tannin were also determined. 

In 1908, Van Dine and Thompson (44) reported the analysis of 
54 samples of Hawaiian honey and honeydew. Using a new proce- 
dure for dextrose determination in honey, Lothrop and Holmes in 
1931 (22) published values for dextrose and levulose for 33 United 
States honey samples of 30 floral types. Three years later, Lynn, 
Milum, and Englis analyzed 25 samples of Illinois honey (24) repre- 
senting 8 floral types and blends. All these analyses were largely 
empirical, though the analytical methods used by Lynn et al. and 
by Lothrop and Holmes resulted in more realistic values than those 
reported earlier. 

Eckert and Allinger later (12) published analyses of 112 samples 
of California honey and honeydew. These represented 47 floral 
types and blends. The carbohydrate methods they used were essen- 
tially those of Browne, which have appeared in the Official Methods 
of the Association of Official Agricultural Chemists (1) since 1916. 
Ellegood and Fisher (14) analyzed four samples of fireweed honey 
by these methods in 1940. y 

A critical study of methods of sugar analysis applicable to honey 
was made in 1952 by White, Ricciuti, and Maher (67). None of 
five methods generally in use or proposed for honey analysis, including 
the Official Methods, gave results reflecting the true composition of 
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the sample. Later White and Maher (54) developed an entirely 
new procedure for carbohydrate analysis of honey, which they applied 
to 19 domestic honey samples (65). Using this ‘method they found 
a new category of honey sugars, the reducing disaccharides; the 
method also provided more accurate values for dextrose, levulose, 
and higher sugars than did older methods. This method has been 
used in analyzing the samples in this report. It has been subjected 
to collaborative testing (48, 50) and accepted as first action by 
the Association of Official Agricultural Chemists (28). It has also 
been used in Canada (8), Chile (7), and South Africa.? 


HONEY SAMPLES 
PROCUREMENT 


Samples of honey for the crop years 1956 and 1957 were solicited 
personally and by mail from beekeepers and producer organizations. 
Special emphasis was placed on obtaining samples of known source 
and history. Where local conditions and practices produced complex 
blends, these were identified as such and are characterized by location, 
area of production, and time of harvest. Instructions were given on 
proper sampling and as much detail as possible was requested regard- 
ing area of production, floral type or blend information, and type of 
processing. While unheated samples were preferred, samples of known 
heating history were accepted. During the 2-year period, 516 samples 
of honey and honeydew were obtained, of which 12 were not analyzed 
for various reasons. ‘The locations from which samples were obtained 
are shown on the map (fig. 1). 


TREATMENT AND STORAGE 


Procedures for handling samples on arrival were occasionally modi- 
fied during the work. Approximately the first 200 samples were 
handled as follows: 

If the sample was liquid * or only slightly granulated when 
received, it was mixed and a 2-ounce subsample removed and 
graded for color. This was then stored at —20° C. (—4° F.) 
within L day of arrival. The remainder of the sample was kept at 
room temperature (23°-28° C., 73°-S2° I.) in a dark cabinet 
until analysis. 

If the sample was partly or completely granulated upon receipt, 
it was heated with cap tight in a water bath at 60° C, (140° F.) 
for 30 minutes. If this did not liquefy the sample, the tempera- 
ture was raised to 65° C. (149° F.) and heating was continued 
until liquefaction was complete. The sample was cooled, a 2- 
ounce subsample was graded for color, and stored at —20° C. 
(—4° F.). The rest of the sample was kept at room temperature 
as indicated previously. 


2 ANDERSON, R. H. sOMB CHEMICAL AND PHYSICAL PROPERTIES OF SOUTH 
AFRICAN nONEYsS. Thesis, Univ. of Stellenbosch, Stellenbosch, South Africa, 
1958. 

8 Determined by a honey polariscope (2). 
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Figure 1.—Origin of honey and honeydew samples. 
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After experience with this procedure it was noted that some un- 
heated samples showed signs of fermentation during storage. These 
were immediately pasteurized at 60° C. (140° F.) for 30 minutes. The 
last 300 samples received were therefore handled as follows: 

Two-ounce subsamples were removed from producer-unheated 
liquid samples as before, color graded, and stored at —20° C. 
(—4°F.). The remainder of the sample was pasteurized as above 
before storage at room temperature. Liquid samples that had 
been heated by the producer were not stored in the cold, and the 
bulk of the sample was pasteurized in the laboratory. Samples 
requiring liquefaction were handled as before except no subsample 
was stored at —20° C. (—4° F.), 

Some samples were received in the comb. These were crushed 
in a beaker, warmed to 50° C, (122° F.), and strained through two 
layers of cheesecloth. They were then treated as described for 
liquid honey unheated by the producer. Extracted honey sam- 
ples were strained through two layers of cheesecloth before storage 
if they contained any extraneous material. 

The analytical work on these samples was carried out over a period 
of about 30 months; therefore, many samples required several heatings 
to liquefy them so that subsamples would be properly representative. 
All analyses, except the diastase determination and the storage study 
(68), were carried out on the samples stored at ordinary temperature. 
Attempts were made to minimize heat exposure of samples by sub- 
sampling for as many determinations as possible at one time. 


ANALYTICAL METHODS 


Details of all methods used appear in the appendix. This section 
is limited to the general principles of the various procedures. 

Moisture was determined by measuring refractive index on an Abbé 
refractometer at 20° C. (68° IF.) and use of the Chataway table (1). 

Color of all samples was determined by the U.S. Department of 
Agriculture color classifier (8). Each of the six United States color 
standards for extracted honey (43) was visually split into two zones, 
light and dark, so that samples were classified into 13 groups ranging 
from “light Water-White” to ‘(Dark Amber.’ The classes and their 
code numbers follow. 


6 TECHNICAL BULLETIN 1261, U.S. DEPT. OF AGRICULTURE 


Cod Color group Pfund value ! 
No. 


( Millimeters) 
Pighiahaltoriwarer WMite. a. ose conne cow nosn~-=- Less than 4 
Dark half of Water White__..__-____- 
Light half of Extra White. --________- 
Dark half of Bxtra White_--............--.- 
UighthaltrotsWwinites see een ek eS 
DAPI AL Ota RitG ae eee eet sae en a =" 
Light half of Extra Light Amber 
Dark half of Extra Light Amber 
ightihalfiofight: Amber. s.0s2-2--22--. 2-2... 
Dark half of Light Amber- 
IEPA AT? Glee Tee a 8: 
Darkehaltrotea mbar seers ok see a So 104-114 
IDYRGN s Wiig | a as 114 and more 


eee 
WN OOMNAGU LWW O 


1 The Pfund values for the official grade limits are accurately determined by 
our procedure; however, the values for the boundaries between the light and dark 
portions of each class are only approximate. 


“Granulation,” as recorded in appendix table 27, was estimated 
empirically as follows: After analysis, the completely liquid sample 
of honey remained undisturbed for 6 months after its last heating. 
At this time, its degree of granulation was judged visually and with 
the polariscope (appendix). It was assigned to 1 of 10 groups, as 
follows: 


Code No, Degree of granulation 
(lee 255 et ees None. 
1} Soe a eae pees .. Few scattered crystals. 
2a ee -- Layer on bottom Me to % inch. 
AE SL ae eee -. Few clumps of crystals. 
¢ Lanier, .. Layer on bottom \ to % inch. 
53 .--- \% of depth granulated. 
62 ---. % of depth granulated. 
ia ..-- % of depth granulated. 
thE es a eae ee Complete soft granulation. 
RS oe ee er Complete hard granulation. 


For carbohydrate analysis, the sample was dissolved in dilute 
alcohol and passed through a column of activated charcoal under 
controlled conditions. The column was then washed with two sol- 
vents of higher alcohol content, with the result that three solutions 
were obtained from each sample. Dextrose was determined by hy- 
poiodite oxidation and levulose was determined directly, after hypoio- 
dite destruction of dextrose, by a micro copper-reduction method. 

On another fraction from the charcoal column, reducing disaccharide 
sugars were determined directly by the micro copper-reduction method 
and reported as maltose. In the same fraction, sucrose was deter- 
mined by increase in reducing power after a mild acid hydrolysis. 
Where sample identity or high sucrose and higher sugar values (each 
over 1 percent) indicated its desirability, true sucrose was estimated 
by invertase hydrolysis, and melezitose was calculated from the 
difference between apparent ‘sucrose’ and true sucrose. 


COMPOSITION OF AMERICAN HONEYS ih 


A third fraction collected from the charcoal column contained all 
other sugars from the sample, i.e., most trisaccharides and higher 
sugars. These carbohydrates were hydrolyzed by acid and deter- 
mined collectively as dextrose by copper reduction. 

A portion of each fraction analyzed for all samples was evaporated 
to dryness and subjected to paper chromatography to monitor the 
efficiency of the charcoal column separation and to detect any depar- 
ture from normal of the distribution of the several sugars within each 
fraction. 

The “undetermined” value is the difference between 100 and the 
total sugars plus the moisture content. Its significance is discussed 
later. 

A study of the accuracy of the selective adsorption method is given 
in detail in the appendix. 

For determination of free acid, lactone, total acidity, and pH, a 
recently developed procedure was used (46). A honey sample was 
diluted, its pH noted, and a rapid electrometric titration used to deter- 
mine free acidity. A back-titration following the addition of an excess 
of alkali measured lactone content. The total acidity is the sum of 
these two values. 

Diastase was determined on all samples stored at —20° C. (—4° F.) 
and also on a limited number of other samples. The procedure used 
was that described by Schade, Marsh, and Eckert (32), as adopted by 
the Association of Official Agricultural Chemists (28, 50). It has also 
been used by Duisberg and Gebelein (11). Two advantages over the 
old modified Gothe procedure are the objectivity of the method and 
its provision of a continous scale of diastase activity rather than a 
limited number of discrete “‘steps.”’ 

For the ash determination, honey samples were slowly dried and 
charred under infrared heating lamps, then subjected to the usual ash- 
ing process. This prevented loss of sample by foaming. 

A micro-Kjeldahl method was used for determination of nitrogen. 


RESULTS 


The results of the analyses are presented in detail in appendix tables 
26 and 27, and graphically in figures 2 to4. The figures show the rela- 
tive spread of values for all the characteristics listed in appendix table 
27. The complete range of values is divided into a number of inter- 
vals and the number of samples in each interval is shown. The 
average values for each characteristic are also indicated on the graphs. 
Honeydew samples (Nos. 492 to 505) are not included in these 
distributions. 


CHARACTERIZATION OF INDIVIDUAL TYPES OF HONEY 
AND HONEYDEW 
Table 1 shows the average values obtained for the honey samples 


analyzed, the highest and lowest values found, and the standard devia- 
tion for each constituent. 
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Figure 2.—Distribution of carbohydrate values among honey samples. 
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among honey samples. 
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Ficure 4,—Distribution of ash, nitrogen, and diastase values and of 
color and granulation tendency among honey samples. 
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Tain 1.—Average composition of 490 samples of honey 
and range of values 


Characteristics measured Average | Standard Range 
deviation 

Color tint ee ese eee Cee ete. 5 2.8 0 -12 

Granulation !__ 3 2.8 0 -— 9 

AROS loses ae = eae oe aes = 12 5. 6 1 —33 

Composition: 
Moisture. 2. 2--s- ee Ws2 1.46 13.4 -22.9 
Levulose__ 38. 19 2. 07 27. 25 —44. 26 
Dextrose - - 31. 28 3. 03 22.03 —40. 75 
Sucrose-_- - 1. 31 95 .25 — 7.57 
Maltoses 2. 2as5 noe e cee dos. 7.31 2. 09 2. 74 -15. 98 
Higher sugars--.--.---- ways (ae 1. 50 1. 03 .13 -— 8.49 
Undetermined - - he exe (oihee 3. 1 L97 0 —13.2 
1) re eee ee! Sie eee. a SS hag) eee a Bes Os 3.42 — 6.10 
Free acid ---meq./kg- 22. 03 8. 22 6. 75 —47. 19 
Lagtone.... 22.252 eee dos2=- eels) 3. 52 . 00 -18. 76 
Totaliacidia..c*scceeess pedose 29. 12 10. 33 8. 68 —59. 49 
Lactone/free acid._..------- aee . 335 135 . 000— 950 
ASD oct cae percent_. . 169 15 - 020— 1. 028 
Nitrogen do-as . O41 . 026 -000—- . 133 
Diastasé values. 222. soe eee 20.8 9. 76 2.1 —61. 2 


! See p. 6 for explanation of color and granulation codes. 


To facilitate comparisons between various floral types of honey, 
table 2 shows how 74 floral types and 4 honeydew types compare with 
these average values. <A plus sign in table 3 indicates that the charac- 
teristic or constituent is appreciably higher than the average for the 
type of honey under consideration.’ A minus sign indicates that the 
value is appreciably lower than the average. No mark shows that the 
honey is about average. An ‘‘n’”’ means insufficient data were avail- 
able for comparison. For example, in general, alfalfa honey granulates 
more than the average of all honeys analyzed, and is higher in glucose, 
sucrose, and lactone/free acid ratio. It is lower than the average in 
higher sugars, undetermined material, ash, and nitrogen. Other 
values are near the average. Moisture content was intentionally 
omitted from the table, since we do not believe it is a characteristic of 
the floral type of honey, but rather depends largely on other factors. 
No honey was listed minus for granulating tendency unless it was 
essentially nongranulating in our test. Those marked plus in granu- 
lation are particularly prone to granulate. Honeys not marked are 
average in granulating tendency under the conditions we used—in 6 
months’ storage after heating, they would deposit thin layers (up to 
¥ inch) or clumps of crystals in a jar. 


‘ Statistical tests were not applied to determine significance of these differences. 


12 TECHNICAL BULLETIN 1261, U.S. DEPT. OF AGRICULTURE 


TaBLE 2.—Characteristics of various types of honey and honeydew 


[+ means higher than average values; — means lower than average; n means insuf- 
ficient data to permit valid comparison] 


z 
° 
an|o a 
g | Db Bi) eo 
Type of honey i) &| 2 2 a1 2 
or honeydew 3 2 3 ele a é 3 ° = > g 2 
slelzelslelsi2ie esis | 2 2\a 
SIfIS5/S(/S/SI/Plelmelflslslsligizis 
OISOIA/AlalSl/Hlol|alalSj/a|S|/4/2]A 
eo = 
— |-t n 
ty im |e n 
n 
n 
Fe Dele tel Sei 
is n 
n 
4 
Canteloupe-_-------- + = (ee Se a 
Capeivinesa.i2- 2ce- i Saliaslinesd i eer ee [oon eae 
Chinquapin__.-_.---_ + eee [Sz He ley ie a | 
Clover, crimson_____- Sees siya ries | cae 
Clover, hubam_-_____- _ ee eee eaeeiteme(ralec| |—|—| n 
Clover, sweet yellow__|— [ee | Si ea Fie ae a | we n 
Goralyine 2 ----—_ =. + |- |- |- + Pare realm yall 
Oi ps ee "| a ee ee 
Cranberry.....------ + |= (Sf Pa (a ar [i ih sl 
ine = ie el | 
Coonlowsl| o))eo  e p 
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Taste 2.—Characteristics of various types of honey and honeydew—Con. 


[+ means higher than average values; — means lower than average; n means insuf- 
ficient data to permit valid comparison] 


ao} 
co 
2/3 Bales 
Type of honey 8 | az | te 
or honeydew Pala OBI ell rasa ca E si es 
3/2/2|2!/3\)5/3 a|2 S 
SIS(/E/8/E/H1S/8 2\2 £ 
rales teal estal sels ae 2/3 aS 
S|G/S8/Aalal=al|ai|S a3 Z 
HONEY 
Grapesic-sae ass aos + |— |-—J=— 3k 
Holly = coe coo bene + |- - + I+ 
ELOVSOUuNG: 2.) nemeree + Goda = 
Locust. .= <= ~eneeee — |+ |- 
Manzanita... 2c. + j— [+ 
Marigold?22.- 2250225 + 
Meaquiterc..-<a-ae-= mii aged oe 
Mexican clover__----- + |— | 
Mintaiig & ta eel Sal nelanmnle 
Mountain laurel. _.. ~~ Eg ea Ca 
Mustards -. Seca + |- - 
OPEN Griese cee eee 
Orange-grapefruit . ~~ 
PalmettOreaeese esas 
Palmetto, saw._.-.-.~- ++ 
Pepperbush_.._~.---- oo 
Peppermint---------- “fF 
Peppervine=--cosss=6 + 
Poison oak... --...--- 
Privetuccesensawes s(t 


Prun@icawensn oust. + l+ 
Raspberry - - ~~~ - ~-|+ 


Rhododendron... ~~~ - 


617147°—62——_2 
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Tasie 2.—Characteristics of various types of honey and honeydew—Con. 


{+ means higher than average values; — means lower than average; n means insuf- 
ficient data to permit valid comparison] 
= 
alo ‘ oe 
= 4| 5 a 2/3 
Type of honey 6 & a 3 = RS 
She r=] 6 = Ss Bis Pal 
or honeydew 3 g 2 2/8 a 3 g 2/8] 9 & g 
SIE/SIS/e/S/2/8 SSS aS Sale 
SUS all ele |o | sie) s 18 
OIG|AIAlalelAl|SlalaelAlaelAl</4 ja 
HONEY 
SUCiy se =e ee eee — |+ |- n 
Snowbrush--.-------|+ + oft at 
Sourwood_-___------- _ = 1u |e + = = 
Spanish needle____-_- + j— I+ |— [+ i+ [+ Jt] + 
Spearmint......--..- + + n 
MUO ACs ee cee a a + - 
BuNnhoWwer—_-5--.2-= + |— 
Thistle, blue.__----~- | — — 
Whistle, star..—.....- = 
eA So + 
An Les eee + 
OUR) re + J— I+ |- 
ALN ZU |) 9s See _ 
Miipinecse cose nee + |- J- 
STN DAO wise aa web ae — {+ 
HONEYDEW 
UAT Tho a SS aS Che + I+ |- 
Ged arsenate pce aan Fil-J- 
GKORVe eee we + |— |- 
Yt Ee SS Seep + j-—|- 


Nore: The following were near average in all above characteristics except diastase, 
which differs as shown in parentheses: Wild buckwheat, (4-); clover, alsike; clover, 
sweet; clover, white; and crotalaria (—); cucumber, eucalyptus, fireweed, and hearts- 
ease (n); almetto, cabbage; and pentstemon (n); purple loosestrife (n); rosinweed 
(+); vetch and vetch hairy (—). 
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A plus sign indicates an inerease in pH value, which means a de- 
crease in hydrogen ion concentration. 

While honey is generally considered to be the sweet exudations of 
plant nectaries, gathered, modified, and stored in the comb by the 
honeybee, other sources of carbohydrates are similarly used by the 
bees. The principal one is honeydew, which includes the secretions 
of certain insects that feed on plants (aphids, leafhoppers, scale 
insects). Under certain conditions, honeydew may be gathered and 
stored in the hive. It may ordinarily be detected in honey by its 
strong, molasseslike taste. 

Among the samples received from producers were several floral 
blends containing honeydew, so identified in appendix tables 26 and 
27. In addition, there were 14 honeydew samples, representing 4 
known and 3 unknown types. They are listed as Nos. 492 to 505 in 
tables 26 and 27, and their average values are given. 

Table 3 gives the average composition, standard deviation, and 
range of these honeydew samples. Table 2 compares the average 
characteristics of honeydews with floral types of honey. They are 
distinctly different from the averages for honey. The honeydews 
are dark in color, usually nongranulating, quite low in dextrose and 
levulose, high in higher sugars and undetermined material, of high 
pH value, especially high in free and total acid, and low in lactone/free 
acid ratio. They are also high in ash content. 

Flavors of different floral types of honey are quite characteristic; 
however, no effort was made in this project to describe flavor. Flavor 
expression is highly subjective and difficult to communicate. Few 
people are familiar with more than a very limited range of honey 


TABLE 3.—Average composition of 14 samples of honeydew and range 
{ yy 14 2 § 


of values 


Characteristic measured Average | Standard Range 
deviation 
Color ties aa ee ee eee 10 11 7 —12 
Wanulation Wan oe =. See eee ee 2 2.3. 0 -8§8 
Composition: 
Moisture sme ec sone percent_- 16.3 1. 74 12. 
Levulose_ SNE Ges 31.80 4. 16 23. § 
Dextrose. SoedOwans 26. 08 3. 0-4 19. 
Sucrose: <a: Seeeeke= eae doSaas . 80 . 22 tre 
Maltosesss3 S22 50S ere do_. 8. 80 2.51 5. 
Hipherisu porsssseeeen see dosaen 4. 70 1.01 ie 
Undetermined _ __ E=dows 10. 1 1.91 2. 
jot page Se ar at BEPESD =m AAG Te oe 3. 
Free acid a. -meq./kg- - 49. O7 10. 57 30. 
Lactone___ fe Pyar a(s Foye Bee 5. 80 3.59 
Motali acid. - eae > cea CO see 54. 88 10. $4 34. 62 4 
Lactone/free acid____- = A ee . 127 . 092 .007— . 385 
ABN Seen eee eee -percent- . 736 . 271 . 212— 1. 185. 
Nitrogenso. ee os eee doLes - 100 . 053 .O47—  . 223 
Diastase2 => hw toes oe erees po) BR Fe at 6.7 -dS.4 


1 See p. 6 for explanation of color and granulation codes. 
2 Based on 4 samples only. 
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flavors, and individuals vary widely in their reactions to flavors. 
This does not imply that flavor is unimportant; on the contrary, it 
may be considered the most valuable single characteristic of honey. 


IDENTITY OF HONEY SUGARS 


Tn addition to the predominating levulose and dextrose, and the long- 
known sucrose, honey has recently been shown to contain a number 
of relatively minor sugars, some rare. The occurrence of maltose, 
isomaltose, maltulose, turanose, and nigerose was demonstrated by 
White and Hoban (617). Watanabe and Aso have recently found koji- 
biose in honey (47). These are all reducing disaccharide sugars and 
are reported as “maltose” in this work, with the exception of the koji- 
biose which reacts essentially as a nonreducing disaccharide and there- 
fore is in the “undetermined” category. 

When subjected to paper chromatography, the disaccharides of 
honey give a characteristic pattern of spots (67). All samples ana- 
lyzed in this project were chromatographed and all showed numeri- 
cally identical spot patterns. 

Considerable variation was seen in the relative intensities of the 
chromatographic spots among the various samples, particularly of 
the disaccharide sugars. Samples listed as honeydews or containing 
honeydew showed a characteristic chromatographic pattern in their 
higher sugar fraction, including spots or streaks, or both, to the origin 
of the papergram. 

The monosaccharide fractions of all samples analyzed showed only 
dextrose and levulose. There was considerable relative variation in 
the amounts of the disaccharide sugars listed, but all samples contained 
all the sugars as far as could be determined. 


ACIDITY OF HONEY 


Gluconic acid, which can be formed from dextrose by certain 
enzymes, has recently been found to be the predominating acid in 
honey (42). Many other acids have been reported to occur in honey. 
It has not been established whether the lactone material, which is 
measured by the titration procedure used in this work, is entirely 
gluconolactone or if additional lactones are present. The presence of 
lactone is a general characteristic of honey. 

Only two samples (Nos. 336 and 406) contained no measurable 
lactone. When the variable proportion of lactone in honey was noted 
(expressed as the ratio of lactone to free acid), it was believed that low 
values of the ratio indicated the presence of honeydew. The average 
yalue of the ratio for all floral honeys is 0.355, and for honeydew is 
0.127. The data indicated a possible relationship between the lactone- 
acid ratio and the pH of the sample. This would be logical, since the 
equilibrium position of the reaction gluconic acid <  gluconolactone 
+H.0 would be expected to depend on the pH of the medium. The 
smaller the pH value (greater acidity), the greater the proportion 
present as lactone, and the higher the lactone/free acid ratio. An 
analysis of variance for regression of pH on lactone/free acid ratio 
confirmed this at better than the 1-percent probability level 
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Thus, the lower value of the ratio for honeydews (and the two 
previously mentioned samples 336 and 406, with pH values of 5.01 
and 6.10) reflects the generally higher pH values of honeydew. 

These higher pH values for honeydew might at first appear to imply 
a lower acid content. Honeydews, however, have a considerably 
greater titratable acidity than honey but also a higher ash content. 
The pH reflects the buffering action of the inorganic cation constit- 
uents on the organic acids present, with the pH value depending on 
the relative amounts of cationic material. 

Both anionic and cationic mineral constituents are included in the 
ash determination reported here. However, an analysis of variance 
for regression of pH on ash content, and also on total acidity, was 
calculated using all honey and honeydew samples. A_ significant 
relationship (I° greater than required for 1-percent probability level) 
was found between pH and ash, and none was found between pH and 
total acidity. Thus, the amount of titratable acid does not determine 
pH, which rather is a result of the natural buffering action of the 
mineral constituents on the acids. 


EFFECT OF CROP YEAR ON COMPOSITION 


The last two lines of data in appendix table 27 give the average 
analysis of all honey samples for the years 1956 and 1957. The 1957 
samples are somewhat lighter in average color than the 1956 samples, 
slightly lower in granulating tendency, slightly higher in levulose, 
lower in undetermined material, but otherwise the averages for the 2 
years are very similar. The two averages are not made up of corre- 
sponding samples, however, and their values are dependent on the 
sample response from producers for the 2 years. 

Two other types of comparisons of data can be made to examine 
the differences in honey between 1956 and 1957. There are seven 
floral types and blends (totaling 110 samples) in tables 26 and 27 for 
which samples were numerous enough to allow averaging of data for 
the individual crop year. ‘The 7 pairs of averages are all of legume 
honey, 50 samples from 1956 and 60 from 1957. ‘There are also 11 
pairs of samples, 1 for each year, for the same floral type, from the 
same producer and location. 

A comparison of the appropriate 1956 and 1957 averages in table 27 
indicates that they differ in composition. In nearly all cases, this 
difference is less than differences among samples of the same crop 
year and of the same floral type. Several of these sets of data were 
examined by statistical procedures. For sweet clover—alfalfa honey, 
for example, granulating tendency of the 1957 samples is significantly 
less than that of the 1956 samples (1-percent probability level). The 
dextrose content is significantly lower (5-percent probability level) 
for the 1957 samples. None of the other constituents differed signifi- 
cantly with the year of production. For the clover samples, granu- 
lating tendency was significantly less for the 1957 samples (5-percent 
probability level). No other significant differences were found. 

The second type of comparison of data is that of 22 samples, 1 each 
year for 11 oral types, from the same producer and location. ‘This 
type of comparison should reflect differences in the “same” honey 


18 TECHNICAL BULLETIN 1261, U.S. DEPT. OF AGRICULTURE 


over the 2 years, since the individual samples are comparable for the 2 
years. The 110 samples making up the averages described above 
were not necessarily from the same parts of the country for the 2 
years, and the comparisons must be considered as indicative only. 
The 11 pairs of samples in this second comparison were alfalfa-sweet 
clover (Nos. 35, 52), aster (62, 63), blend (122, 123), chinquapin 
(168, 169), white clover (236, 240), coralvine (306, 307), cotton (308, 
314), gallberry (329, 332), privet (404, 405), raspberry (412, 413), 
and vetch (470, 475). The resultsare shown in table 4. Statistical 
tests were not used in compiling this table. 

Color, granulating tendency, and acidity were most constant. Dex- 
trose showed the most variation, differing in 10 of the 11 pairs; it was 
higher in 4 and lower in 6. Since granulating tendency varied little, 
the dextrose changes were relatively small. Higher values were 
generally found for the 1957 samples for nitrogen, ash, hydrogen ion 
concentration (lower pH), higher sugars, and moisture content; lower 
values were found for dextrose, levulose, and color. 


Taste 4—Comparison of 1957 samples with 1956 samples of the same 
floral type of honey, each from the same producer and location 


{+ means 1957 was higher than 1956 sample; — means 1957 sample was lower] 
Samples 2 2 | ¢ : e ei 2 & . 
compared 5 E : ; : E : E Z : E = E ’ 2 

Siolelzl8ialelalSislSlE/8/6|8|4lz 

Alfalfa-sweet | — Sl bie = Sell am _ ~ = a 
clover 

Aster emia - ats [ae ie ie [x E [ire 

Preset | let] | | | l+t+ 

Ghinquapin | ae aa ie + ale eS = (re a fe [Ee pall Ss 

Clover, white Sale ol esl ealialien | al? el (0 

Caeser) | of | | | | | pee 

Cotton fe aes | = ebay tl [an ee xe 

Gallberry AS ee |S ee = (Sa ES ar harthoe ze pa 

Privet meee op bells | 2 a a ae; 

Raspberry oes | | emt | ec | | a [ae as + Te ie] = mn fa ile ae 

Pee) ei leiei+) | |) TdT (ls 

Total |5|3/8{5|7\t0}616\6l4{7\slels\el7| 6 
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EFFECT OF AREA OF PRODUCTION ON COMPOSITION 


The effect of area of production on honey composition is difficult to 
assess. Only where the floral type has outstanding analytical char- 
acteristics can a comparison of samples from different areas provide 
meaningful information. Even then one cannot decide if differences 
are due to plant source and climate or simply to the availability of 
different minor sources. 

A few groups of samples were compared from this viewpoint. It 
is well known that alfalfa honey from the Imperial Valley is darker 
than alfalfa honey from the Intermountain area and has a more pro- 
nounced flavor. Table 5 shows how these two honey types differ in 
average composition. The Valley values are averages of samples 6, 
7, 8, and 10; the Intermountain values are averages of samples 9, 11, 
13, 14, 15, 16, 17, and 19. 

In addition to the differences in flavor and color, the Valley honey 
appears to be lower in levulose, higher in dextrose, higher in ash, and 
considerably greater in free and lactone acidity, though the lactone/acid 
ratio and pH are not different. It also granulates more readily. 
However, if the samples are paired and analyzed statistically, most 
of these differences are not significant, variation among samples of 
either type being as great as that shown in table 5. The difference 
in granulating tendency i is the only significant factor. 

Cotton honey is characteristically rapid-granulating. Examination 
of averages of samples of cotton honey from three areas provides some 
information on the effect of location on the composition of a honey 
type. Table 6 shows averages calculated for two samples from Texas 


Tanie 5.—Average composition of alfalfa honey from different areas 


Characteristics compared Intermountian Imperial Valley 
area area 
Colots2=cuadecseeesonea Ga eee Light half of | Dark half of Extra 
Extra White. Light Amber. 
Granulating tendeney_-__----------- ----| 4-4’" layer Complete 
Age at analy pisses SSIS months-_ - 8 16 
Composition: 
Moisture... >. asset ee epercentes . 3 
Levulose 8s 
Dextrose: 4 022 fs Se ae ~1t 
Sucrose___ 8s 
Maltose- __ . 85 
Higher sugar . 83 
Unanal) 2.6 
3.84 
22.55 
9.98 
32. 53 
Lactone/free acid-----.------------- 442 
Ash percent. - 158 
Nitrogen snepte Jt... Jee ee doweee . O82 
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Tanir 6.—Average composition of cotton honey from different areas 
J J 


Characteristics compared Texas Arizona California 
Chili St a a ee eee Dark half Dark half Light half 
of White. of White. of White. 
Granulating tendency- --~---------- Complete Complete Complete 
soft. soft. soft. 

Age at analysis...--------- months_- 9 7 15 
Composition: 

WOIUUT On eee percent... 15. 6 16.3 

Levulose....... = Bests ty 39. 42 39. 08 

Dextrose_. 37. 21 37. 35 

Sucrose. . . . 80 1.17 

Maltose-_.-- 5. 02 4. 55 

Higher sugars_- . 42 ZOU 

Undetermined. ..---...-- 15 2 

Jit. 5 See ee 4, 42 . 3 

“ree acidity --.-..-meq-/kg- - 26, 23 ( 

Lactone-_. EE ae 5. 08 

Motaliacidity. --—--- 2.8 (6 fs}= oe 31.31 

Lactone/free acid_-.....-----.- . 194 

ASN ies 6 aS alse _-percent_- . 339 

INitropensstesnetes 2s do.... . 047 | 


(Nos. 309, 318), four from Arizona (Nos. 308, 310, 313, 314), and 
three from California (Nos. 311, 312, 316). 

These values are remarkably similar. No striking differences in 
composition are apparent. The California samples are slightly higher 
in sucrose, definitely of lower pH (higher hydrogen ion concentration), 
somewhat higher in lactone/free acid ratio, and somewhat lower in 
ash. The Arizona samples appear lower in nitrogen content, being 
but half that of the other two. None of these differences is statis- 
tically significant. More samples would be needed for differences of 
this magnitude to be statistically valid. 

Another comparison of this type is between three samples of 
California orange honey (Nos. 377-379) and three samples of [Florida 
orange (orange-grapefruit) honey (Nos. 382, 389, 391). Table 7 
shows the data. The values are similar; only those for nitrogen, 
lactone content, and the lactone/free acid ratio are significantly 
(P=0.05) different. The Florida samples are unusually low in ni- 
trogen, and the California samples unusually high in lactone content. 

airs of samples of the same floral type from different areas show 
the variation ordinarily encountered. Examples are samples 76 and 
77, basswood-clover from Wisconsin and Minnesota; 168 and 169, 
chinquapin from Florida and California; 354 and 355, horsemint 
from areas 50 miles apart in Texas; 415 and 416, rosinweed from 
Towa and Montana. Rather wide ranges in composition among 
samples listed as the same floral source occur in the various groups 
of legume honeys. In the group of 1957 alfalfa-sweet clover honeys, 
one of the more homogeneous groups, one sample (No. 51) is not 
from the Intermountain area, being from Iowa. It shows the highest 
moisture, lowest levulose, lowest sucrose, lowest maltose, lowest 
higher sugars, lowest pH value, highest free acidity, highest lactone, 
total acidity, and lactone/free acid ratio. It is a distinctly different 
sample, even though labeled as extra-white alfalfa-sweet clover. 
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TABLE 7.—Average composition of orange honey from two areas 


Characteristic measured California Florida 
Colored 22-3 eae ene ee ee _..| Light half of Dark half of 
White. White. 
Granulating tendency. -.-.--..-.------. V4’ layer \% of depth 
Composition: 
Moisturesoc.< one oes percent. - 16. 7 16. 6 
Levulose. ~~ beeen soe re dOsese 39. 26 38. 70 
Dextrose. so oe een ee do 31.83 31. 82 
Sucrose. 06220 Pees er ee do2uz= 1. 87 2. 00 
Maltose. 2.3. -temanees ames ead do... 6. 50 Light) 
Higher: sugars... -2-2--2 senna do isos 1.51 
Undetermined__...-..--..---- dorpas 2.5 1.3 
pH ~ tt bes ee. Se eee 3. 67 3. 89 
Free acidity 2-52. 2-228 meq./kg_- 24, 23 PAO! 
Gactone: cul 2 eee eos do. 13, 12 7. 28 
Total acidity .-- = 2f4— eo do. 37. 35 28. 55 
Lactone/free acid_....-..-.----.-- | . 540 . 35 
Ash-_.--- soe coue aes percent. _| . O82 
Nitrogen s=28an meee douene . 030 


Both the analytical values and the descriptions of some samples 
in a group appear to differ markedly from others in the group. For 
example, of the 1956 alfalfa honeys, sample 2 is high in sucrose, low- 
est in moisture, and markedly low in acidity, compared with the 
others. Sample 23 is apparently not alfalfa, being much higher 
in levulose and lower in dextrose than all the others. 

Samples 412 and 413 are listed as raspberry, 1956 and 1957, but 
the 1957 sample, with low levulose, high higher sugars, and very 
low lactone/free acid ratio seems to contain honeydew. 


RELATION OF GRANULATING TENDENCY TO 
COMPOSITION OF HONEY 


Table 8 gives the average composition for all honey samples (ex- 
cluding honeydew) in each of the 10 classes of granulating tendency. 

The data show several general trends. ‘The most striking are 
the increase in dextrose content as granulating tendency increases, 
and the constancy of the levulose values. 

In order to decide what composition factors affect granulation, 
an analysis of variance for regression was made of eranulating tend- 
ency on each of the other 16 factors in table 8. The following list- 
ing shows the results in decreasing order of significance. 


os o i i she _ 
Factor I Direction of change as 
granulation inereases 


Dextrose_ __ - Increases. 
Maltose.........< Decreases. 
Moisture. —__.. Do. 
Higher sugars _. Do. 
Undetermined. Do 


Sucrosenncuwns och tae eee Increases, 
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All values are significant at the 1-percent probability level or less 
(F=11.26). The I value for color was 6.7, significant at the 5-percent 
level. No other factor varies with granulating tendency in a sig- 
nificant manner. 

Thus, we see that dextrose content is the most important considera- 
tion in stability of honey in storage. This is expected since the 
material granulating is dextrose. By examining the other significant 
factors, we find that as dextrose is low, maltose, higher sugars, and 
undetermined material are all higher. Since levulose is not varying 
and all samples approximate the same total sugar content, these 
other types of sugars must make up the balance. 

In the past, several indices have been proposed to express the 
granulating tendency of honey. The one most used has been the 
levulose/dextrose (L/D) ratio. High values have been associated 
with liquid or slow-granulating honey. 

The L/D values in the literature may be compared with one another. 
But in the past reducing disaccharides were included with dextrose; 
therefore, the values in the literature cannot be compared directly 
with those reported here, or by Austin (8), who also used the selective 
adsorption method for sugar analysis. 

Jackson and Silsbee (16), on the basis of studies of the solubility 
relationships of pure solutions of dextrose, levulose, and sucrose, 
proposed two indices of granulating tendency, the “supersaturation 
coefficient” and “granulation tendency.’ Austin has discussed these 
values; it is sufficient to note that tupelo honey, which is nongranu- 
lating, has a supersaturation coefficient of 1.66 calculated by Jackson 
from Browne’s data (9). Even if data presented here are used, 
including correct. dextrose values, tupelo honey is calculated to be 
highly supersaturated. Part of the difficulty is in the original solu- 
bility data of Jackson and Silsbee, on which their calculations are 
based. They did not extend their data through the composition 
region of honey, as pointed out by Lothrop.’ When calculated 
using Lothrop’s solubility data, tupelo honey shows a supersaturation 
coeflicient of 1 or less. ‘This coefficient is not convenient to calculate; 
the “granulation tendeney’”’ of Jackson and Silsbee is (dextrose— 
water)~levulose, and is simpler. They did not find this index to be 
particularly sensitive when applied to Browne’s data. 

Austin has proposed a new index of crystallization for honey, the 
dextrose/water (D/W) ratio, noting that “it falls more logically in 
line with observed honey behavior than most crystallization indexes”’ 
(3). He also suggested that when honeys are to be compared on the 
basis of their D/W ratio, their composition should be calculated to 
equivalent moisture contents. Since on the basis of our results 
moisture content is a significant factor in granulating tendency, we 
have calculated this index on both bases. 

We have calculated several of these indices for each of the average 
honey compositions in table 8, and carried out an analysis of variance 
for regression of granulating tendency on L/D ratio, Jackson and 


5 Lothrop, R. E. SATURATION RELATIONS IN AQUEOUS SOLUTIONS OF SOME 
SUGAR MIXTURES WITH SPECIAL REF RENCE 'TO HIGH CONCENTRATIONS. Thesis, 
George Washington Univ., 1943. 
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Silsbee’s DL 


proposed by Austin, not adjusted to a common H,O content, shows 
the most highly significant relationship with granulating tendency. 


» and Austin’s D/W ratio. As shown below, the index 


Index F rr? 
1D) Wise nce cheese See 152 95.0 
D-W 3 Sn ese 131 94. 2 
D/W, common water content_____ ~~~ 91 91.9 
DBS ONOHE one 61 88. 5 
Uj AD) ya lh 8 ee pea i 50 86.3 


All these F values exceed the F value for the 1-percent probability 
level (F=11.26). The D/W ratio, on the natural basis, appears to be 
the preferable index. These values for the 10 levels of granulating 
tendency in table 8 are as follows: 


Code Granulation D/W ratio 
() i) With. 22 ee a 1. 58 
HelenhewsRcCAuLered | crystalseao-poos2 co. o-o 5-2 2----... 1. 76 
Zi ore-1t0 ye-Inch layer crystals. --.___..___....-.._.--.- 1. 79 
3 | Few clumps crystals-— - - -_- see eee 1. 86 
A \e-"to)4-inch layer crystals__.-........-.....--...--- 1.83 
5 | ’ of depth granulated________ oop ee eee 1,99 
Dil peromooptnipranuliteds 2.592 28=-0 5.2. c..----- 1.98 
faueasotedoptbipranulatedss-s.0025-202--6-..---.---.. 2. 06 
8 | Complete, soft granulation-_.--.----.-..._.------- 2. 16 
9 | Complete, hard granulation___-___-__- 2 2. 24 


The purpose of a granulation index is to relate composition of a 
honey to granulating tendency, in order ultimately to predict such 
behavior. The calculations just described are based on the average 
compositions shown in table 9, and not on actual honey samples. To 
determine whether individual variation is so large that these indices 
have no practical use in prediction, an analysis of variance for regres- 


_Ww 
sion of granulating tendency on D/W, pu and on L/D was carried 
out forall 490 honey samples. The first two indices gaye similar results, 
though their order was different. Both showed considerably more 
significant relationship than did the L/D ratio. Since the D/W ratio 
is simpler to calculate and does not require that levulose be deter- 
mined, it is preferred for use. 

It thus appears that the granulating tendency of a honey can be 
estimated on the basis of the D/W ratio. Values of 1.7 and lower 
generally are associated with nongranulating honeys, whereas values 
of 2.1 and higher predict rapid granulation to a solid. Table 27 
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shows exceptions to this rule, however. The calculation of dextrose 
content to a common solids basis before comparison of samples, 
proposed by Austin, does not appear necessary; in fact, it reduces the 
spread of values and as seen from the listings above, reduces the 
significance of the relationship. 


RELATION OF COLOR AND COMPOSITION 
OF HONEY 


The color of honey, which ranges from nearly colorless to deep 
red-amber, is frequently used to form quick (sometimes erroneous) 
opinions of its other characteristics. Many believe that strength of 
flavor increases as color deepens. Most of the reports on the com- 
position of honey have noted that certain analytical characteristics 
appear to vary with color. Browne (9) did not measure color. Eckert 
and Allinger (12) reported that ash content of California honey in- 
creased directly with color, and that acid had ‘a tendency’ to 
increase similarly. Schuette and his coworkers (84, 36-38) found 
that the content of ash, potassium, sodium, magnesium, iron, copper, 
manganese, chlorine, and sulfur was higher in dark honeys than in 
lighter honeys. The calcium, phosphorus, and silica contents did not 
vary significantly. The Wisconsin workers (383, 35) also found that 
both invertase and diastase activities were higher in dark than in 
light honeys. 

Anderson ® in an unpublished analysis of 62 South African honey 
samples, reported that ash and nitrogen content increased with color. 

Table 9 shows the average composition of all honey samples falling 
into each of the 13 color groups used in this work. Free and total 
acidity, nitrogen, and ash all increase regularly with increasing honey 
color. An analysis of variance for regression shows that the following 
factors change as we progress from light honeys to dark honeys. 
They are listed in decreasing order of significance. 


Decreasing: F Increasing: F 
Sucros 24. 1 Totaliacid 2-2 oann eee 60L 
Lactone/free acid__ 7 Free acid 22... eee 279 
Doxtrosesmjecan cee ee 6 Nitrogen... - = OT 
Hydrogen ion concentration 3 Ashi =. tate 43.0 
Levulose.a~,--- 2 -seeaee 9 Undetermined __ = One 
Granulation ise eee eee , 2 Maltose.-_.----. Bayete) 

Higher sugars_2-=~..- 9.25255 6.4 


Moisture content, age at analysis, and lactone content do not differ 
significantly. The critical F value for the 1-percent probability level 
is 9.65. This is exceeded by all factors listed except granulation and 
higher sugars; these exceed the 5-percent probability level value of 
4.84. 

Summarizing—In comparing the average light honeys with the 
average dark honeys, the former are significantly higher in simple 
sugars (dextrose and levulose), sucrose, and tendency to granulate, 
and show a greater lactone/free acid ratio and hydrogen ion concen- 
tration. The darker honeys in general appear to be higher in acidity, 
nitrogen, ash, and more complex sugars. 


® See footnote 2, p. 3. 
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HONEYS AVERAGED BY STATE OF ORIGIN 


Table 28 (appendix) shows average composition of honey by States 
and regional areas of the United States. The number of samples in 
each average is also shown. Honeys of the East and South were 
darker than the national average; those of the North Central and 
Intermountain areas were lighter. The North Central honeys were 
somewhat higher in moisture content, while the Intermountain and 
Western honeys were heavier bodied; this was also noted by 
Browne (9). 

With respect to granulating tendency, the honeys of the South 
Atlantie States had the least, and the North Atlantic honeys were 
next. The predominately alfalfa-clover type from the Intermountain 
area gave this group the greatest tendency to granulate. 


HONEYS AVERAGED BY PLANT FAMILY 


The average composition of honey samples from various plant 
sources is given in appendix table 27. Table 29 lists average values 
of all samples of honey and honeydew from each of 33 plant families. 
These averages include only honeys from single plant sources, not 
blends. The number of samples included in each average is also 
given. Even if the families with only one or two samples analyzed 
are eliminated, pronounced differences among the averages for the 
families may be noted in all constituents. 


EFFECT OF STORAGE ON HONEY COMPOSITION 


Honey is considered to be a relatively stable foodstuff, with only 
minor changes in flavor and color taking place during several years of 
storage. It is well known that properly ripened honey is not suscep- 
tible to spoilage by micro-organisms, with the exception of osmophyllie 
yeasts, and then only at moisture contents above 17 percent (27, 39). 
Granulation of honey increases the possibility of spoilage, since it 
results in an increase in the moisture content of the liquid portion. 
A comprehensive study of the effect of storage at elevated temperature 
and of heat processing on the color of honey has been described by 
Milum (26). 

Both physical and chemical actions are involved in the transforma- 
tion of nectar to honey, with the activity of enzymes being most 
prominent. Sinee these enzymes remain in the honey, their action 
may continue at a declining rate. The decrease in the sucrose content 
of honey after extraction has long been ascribed (9, /7) to a continuing 
action of the invertase added by the bee. However, the sucrose 
content of a honey does not reach zero even after several years of 
storage, although it may still contain active invertase. 

It was recently shown (68) that honey contains a transglucosylase 
which produces several oligosaccharides, including maltose and iso- 
maltose, from sucrose. Austin pointed out (8) that because of this 
enzymic activity the “maltose” (actually redueing disaccharide) con- 
tent of a honey depends to some degree on methods of apiary manage- 
ment, storage temperature, and density of honey. He did not 


28 TECHNICAL BULLETIN 1261, U.S. DEPT, OF AGRICULTURE 


predict the effect of storage in general on the maltose content of 
honey. 

de Boer (6) examined a number of honey samples that had been 
stored for up to 22 years; nearly all were white clover and all were 
stored in the unheated state. He pointed out that the same changes 
in composition that occur on heating of honey also occur in storage. 
He concluded that polarization is unchanged and the change in sucrose 
content negligible, implying no changes in the sugars. He stated 
that the amounts of glucose and fructose and their ratio remained 
unchanged; and, contrary to previous reports (2), no relative increase 
was noted in fructose content. Diastase decreased with age—3 Gothe 
“steps” in 10 years. The acidity was unchanged, but the Fiche test 
for hydroxymethylfurfural (HMF) became positive and after 10 
years HMF could be determined gravimetrically. 

Armbruster (quoted by de Boer (6)) reported that aging for as 
short a period as 2% months sometimes causes a noticeable decrease 
of diastatic activity, while other types of honey show no loss after as 
long as 5 months. After 2% years, a considerable decrease was found 
in one type of honey. 

We have reexamined the effects of storage on the composition of 
honey. We have studied the effect of storage at room temperature 
for up to 3 years on unheated and mildly heated honey, determining 
changes in dextrose, levulose, maltose (reducing disaccharides), su- 
crose, higher sugars, diastase, free acidity, lactone, and total acidity. 
Contrary to previous beliefs, significant changes were found for nearly 
all these constituents. 

For this work, unheated samples were used. On receipt they were 
divided into three portions: one was stored at —20° C. (—4° F.) 
within 1 day of receipt, a second heated in a closed jar in a water 
bath at 55° C. (131° i) for 30 minutes and cooled (essential pasteuri- 
zation without enzyme inactivation), and the remainder left unheated. 
The latter two portions were stored in the dark at room temperature 
(23°-28° C., 73°-82° F.). Samples from frozen storage were allowed 
to reach room temperature overnight before analysis. Analyses of 
corresponding samples of a set were carried out on the same day; sets 
were selected at random. 5 


Carbohydrates 


Table 10 shows the values obtained for each type of storage for 
five honey samples, each set calculated to the moisture content shown 
for the cold-storage sample. 

The data in table 10 were subjected to the analysis of variance. 
Each set of 15 values for each sugar was examined, and the variability 
due to sample and storage was calculated and tested statistically. 
All differences due to storage were significant at the 1-percent proba- 
bility level, except for the unanalyzed portion, where the change is 
significant at the 5-percent probability level. 

_ The mean square resulting from storage conditions was further sub- 
divided; that of frozen storage was compared with that of the two 
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TaBie 10.—/ffect of storage on honey sugars * 


Sample Levu- | Dex- | Malt- Su- | Higher} Unan- 
No. and kind] H,0 3 lose trose ose crose | sugars | alyzed | Age 4 
of storage? 
Percent | Percent Percent | Percent Percent Percent Percent Months 
18. 6 35. 85 | 33.87 | 49 0, 58 . 28 4, 90 2 
(17.5) | 35.07 | 29.82 | 8. 94 . 93 1. 46 5. 18 20 
(16.6) | 34.85 | 29.44] 9.22 . 89 1. 45 5. 55 20 
20.8 | 35.95 | 32. 31 5. 43 . 28 1.71 3. 62 2 
(19.0) | 33.95 | 27.88 | 9.59 . 85 1. 67 5. 26 22 
(19. 3) | 33. 84 | 27.81 | 10.18 -92) 2.03 4, 42 22 
17.4 38. 22 | 31.29 | 7. 54 - 73 1, 23 3. 59 22 
(16, a3 36. 39 | 28. 54 | 11. 02 . 87 2. 36 4, 42 22 
(16. 6 36. 23 | 28.55 | 10. 51 90 1, 46 4. 95 22 
i aed 36. 36 7. 64 78 1.77 5. 79 23 
(16.0) | 34.19 13. 13 . 85 1, 91 6. 93 23 
(14. 2) | 34. 49 13. 05 99 2. 05 6. 48 23 
18.5 37. 98 6. 83 44 1, 84 3. 39 23 
(17. 0) | 36. 10 10, 95 1, 00 1, 82 3. 61 23 
(16. 8) | 35. 73 11. 47 1, 16 1.93 4, 50 23 
a, > 18. 36.89 | 31.67 | 6.47 0. 56 1, 57 cy Lali re = 
Be oat case eo 35, 14 | 27. 93 | 10. 73 . 90 1, 64 5Y0S? teens 
Nicene essiaeeeeee 35. 03 | 27.55 | 10. 89 97 1. 78 SolSteasnewe 
Change in— 
Heated 
Honey ait ae —1.75 |—3. 74 |+4. 26 | +. 34] +.07 | —. 82 |_...---- 
Unheated 
honey...|.-----.|—1. 86 |—4. 12 |-+-4. 42 | +. 41 de, QL be ets 2 eee 
Unheated, 
percent-j_.--.. 2 5.5 13.0 68 73 13. 4 22, 2 eens 


1 Bach set of values calculated to the moisture content of corresponding cold- 
storage sample. 

2 Storage conditions are identified as follows: F=unheated, cold storage; H= 
heated, room-temperature storage; R=unheated, room-temperature storage. 

3 Moisture values in parentheses are actual values found for the samples. 

4 Months sample was in storage after receipt at the laboratory. 


room-temperature storage conditions. The two room-temperature 
storage sets (heated and unheated) were also compared with each 
other. A sample calculation is shown in table 11, and table 12 sum- 
marizes the mean squares and the F values obtained therefrom, for 
each sugar. 

The table shows that the differences between the frozen samples and 
those stored at room temperature are significant for all sugars at the 
l-percent probability level. None of the differences between the 
average values in table 10 for the unheated and heated samples, both 
stored at room temperature, are significant, except the values for 
higher sugars, which are significant at the 5-percent probability level. 


617147°—¢2—__3 
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TABLE 11.—Effect of storage on dextrose content—analysis of variance 


Source of variability S.S D.F. M.S. r 


1 Storage conditions are identified as follows : F-unheated, cold storage; H- 
heated, room-temperature storage; R-unheated, room-temperature storage. 
**]xeeeds 1-percent probability level. 


TABLE 12.—Significances of changes in honey composition due to storage 


Source of Levulose Dextrose Maltose 
variability D.F. " 
M.S. F M.S. ¥ M.S. ¥ 
Samples __ 4 3. 18 | 31. 8** 7,03) 27. 0** 5. 71 22. 0** 
Storage ! 2 5.46 | 54. 6** 5. 99. 6** 31.3 120** 

F vs. R & H. 1 10. 90 |109** 51.4 |198** 62.6 241** 
RWS Hees 1 . 03 0 . 36 1.4 . 06 «2 
Bitores se... 8 SLOP as = MeO soaae. = 2p) al Peep se 

Sucrose Higher sugars Unanalyzed 
Source of D.F. z 
variability 
M.S. r M.S. Fr M.S. Fr 

Samples__--__- i 0.018 | 0.86 ON217 | 36) 2** 3. 03 17. 8** 
Storage !._.._- 2 . 240} 1). 4** +061] 10, 2** 1. 33 7. 8* 

F vs. R & H- 1 . 466 | 22, 2** . 073 | 12. 2*4 2. 63 15. 5** 

Kiwanis. 2 1 . 013 . 62 - 049} 8. 2* 02 1 
Wirronsesess ose 8 O21e Ree eaze RO0GH| fees 7a) eens 


1 Storage conditions are identified as follows: F-unheated, frozen storage; H- 
heated, room-temperature storage; R-unheated, room-temperature storage. 

*}ixceeds 5-percent probability level. 

**}xceeds 1-percent probability level. 


These analyses show that when unheated honey is stored for 2 years 
at temperatures ranging between 23° and 28° C., the following changes 
take place in the carbohydrate composition: 

1. A decrease of free dextrose (averaging 13 percent) and a decrease 
of free leyulose (averaging 5.5 percent); an average of 18.5 percent of 
the free monosaccharide content of the honey is thus lost. 

2. A marked increase of “maltose” or reducing disaccharide sugars, 
averaging 68 percent of the amount initially present. ' 

3. A relatively large increase in sucrose content. 
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4. A small (13 percent) increase in the higher sugar content of the 
honey. 

5. An increase, averaging 22 percent, in the amount of unanalyzed 
material (100—sugars-+ water). 

The heat treatment given these samples (55° C., 130° F.) for 30 
minutes) had no effect on these changes, except possibly to reduce the 
extent of increase of the higher sugar values. The changes in the 
stored samples are in the direction of increased complexity of sugars. 
This might be expected from the conditions within the sample. A 
high sugar concentration and a considerable acidity over a period of 
time would promote combination of monosaccharides (reversion, (30, 
pp. 434, 616, 605).). The presence of an active transglucosylase 
enzyme (53) in the honey may also result in accumulation of oligosac- 
charide material; the heat treatment used was not sufficient to inacti- 
vate enzymes. Possible explanations for the changes observed are as 
follows: 

Levutosr.—This sugar is subject to degradation to hydroxymethyl- 
furfural by long standing in acid solution. Conversion to nonreducing 
fructose anhydrides is also possible. Levulose-containing oligosac- 
charides may result from enzyme transfer of dextrose to a levulose 
acceptor. 

Dexrrose.—Twice as much dextrose disappeared as did levulose. 
This may reflect the specificity of the enzyme transferring dextrose 
from oligosaccharides (honey invertase, a glucoinvertase). 

“NMaurose”’.—This actually represents reducing disaccharide 
material, including maltose, isomaltose, maltulose, turanose, and 
nigerose (51). All these sugars are hydrolyzed by honey a-gluco- 
sidase.? The increase in this category of sugars accounts for most 
of the decrease in monosaccharides. 

Sucrose.—Postharvest ripening has long been known to take 
place in unheated honey (9, 17). Sucrose reaches a low value within 
a few months after honey is removed from the hive, but never dis- 
appears completely, despite (or probably because of) the presence 
of an active invertase. The data here show a later change in the 
amount of sucrose, where it increases toward 1 percent. Mold 
enzymes have been shown to resynthesize sucrose by transfructosyla- 
tion during their hydrolytic action on sucrose (/3). 

HiaHer sucars.—The increase in this fraction is further evidence 
of reversion and transglucosylation. 

Unanatyzep.—From the point of view of the carbohydrates, the 
unanalyzed category can contain difructose anhydrides, nonreducing 
disaccharides (except sucrose), and kojibiose, a very weakly reducing 
disaccharide (2-O-a-D-glucosyl-D-glucose) recently discovered in 
honey by Watanabe and Aso (47). This sugar is not determined in 
the analytical procedure used, since it has only about 6 percent of 
the reducing power of glucose against copper reagents. ‘The increase 
in unanalyzed material may represent an increase in the amount of 
kojibiose (and possibly trehalose) in honey. Both of these com- 
pounds have been isolated from hydrol, where it is believed that they 
arose by reversion from dextrose (31, 42). 


7 Wire, J. W. Jr. Unpublished data. 
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Errecr or Lonc-Trerm Srorace.—An analysis of a 35-year-old 
sample of honey is compared with a corresponding contemporary 
sample in table 13. The 1923 sample’ is an alsike clover—white 
clover honey produced at Delphos, Ohio. It had been stored in a 
dark cupboard and never been opened; it was liquid except for a 
few coarse crystals at the bottom. The 1957 sample is an alsike 
clover—-white clover honey (sample 175), produced at Columbia City, 
Ind. To facilitate comparison, data were calculated to the same 
moisture content. The differences shown in the table are all similar in 
trend to those in table 10, except that the 1957 sucrose value is higher, 
though the value for the aged sample (equilibrium?) is close to the 
average of the 2-year-old samples. In general the changes in mono- 
saccharide and “maltose” shown after 35 years of storage are similar 
to, but larger than, for the 2-year-old samples in table 10. 

Analysis of honey samples after extended storage have been reported 
by de Boer (6) and Auerbach and Bodlinder (2). The analytical 
methods de Boer used would not detect the differences in carbohy- 
drate composition shown here. He did not confirm the earlier 
conclusion of Auerbach and Bodlinder that the ratio of levulose to 
dextrose increased after storage of honey. Auerbach and Bodlinder 
reported the analysis of 13 samples of 14-year-old honey. ‘Their 
levulose/dextrose ratio ranged from 1.19 to 1.81, aud averaged 1.40; 
10 samples of fresh honey ranged from 1.06 to 1.19 and averaged 
1.11. ‘These values have only relative meaning, since the analytical 
methods used gave no differentiation between monosaccharide and 
disaccharide. 

The results in tables 10 and 13 substantiate the views of Auerbach 
and Bodlander that the amount of free dextrose decreases on storage 
and that the ratio of levulose to dextrose increases. They ascribed 
this to possible euzymic condensation of dextrose, which we also 
believe is a contributing factor. 


TABLE 13.—Lffect of age on a clover honey 


Difference 


Items compared 1957 crop | 1923 crop 
Actual |Percentage 
of 1957 
Percent Percent Percent Percent 
TSM 2MEA(LSs2)) lo | peepee: 
38. 25 35. 05 —3. 20 —8.3 
33. 58 23. 12 —10. 29 —30. 6 
5. 50 16, 41 +10. 91 +198 
1 1. 68 1. 04 —. 64 —38. 2 
Higher sugars - §2 2. 06 +1. 24 +151 
Undetermined 2.0 4.1 +2. 1 4-105 


* Moisture content of the 1923 sample was 17.6 percent; data are calculated to 
the 18.2 percent shown by the 1957 sample to facilitate comparison. Samples 
analyzed in late 1958. 


* Donated by C. A. Reese, Department of Entomology, Ohio State University. 
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The changes described in the sugar distribution of honey have 
some practical implications. With the tendency toward increasing 
complexity, there may be a corresponding loss of nutritive value; 
some of the disaccharides and higher sugars may not be digestible. 

The considerable decrease in dextrose content is probably respon- 
sible for the gradual liquefaction that is often noted in finely granu- 
lated honey samples as they stand in storage. If the dextrose content 
of a granulated honey is near the lower limit of granulation, the 
changes in a year or so will reduce the dextrose well below the satu- 
ration point so that the crystals will slowly dissolve. Figure 5 shows 
a jar of 4-year-old honey, originally completely granulated, which is 
slowly liquefying during storage. 

This may explain the changes in texture that are known to occur 
in finely granulated honey (honey spread) during storage. If the 
storage temperature is high enough to affect the texture of such a 
spread adversely by its effect on the solubility of dextrose, this will 
be immediately apparent. The changes in sugar content described 
here take place very slowly, and at temperatures previously considered 
safe for storage of finely granulated honey spread. Over a period of, 
say, 6 to 12 months the D/W ratio in the spread can change suffi- 
ciently to cause serious softening and quality loss. Such spreads 


Fiaure 5.—Honey sample showing partial liquefaction during storage. 
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TABLE 14.—Effect of storage on acidity of honey! 


Free acid Lactone Total acidity 
Sample No. [es Ses 
Fi R? Fl R? Pu R?2 
Meq./kg. Meq./ka. Meq./kg. Meq./kg. Meq.jkg. 

27. 07 9. 87 12. 39 33. 92 39. 46 

24. 06 6. 45 7. 31. 80 

21. 66 4. 90 5. 26. 98 

15. 78 2205 2. 6 18. 40 

23. 90 6. 17 9. 33. LI 

24. 88 2. 20 2. 27. 04 

20. 13 7. 00 8. 28. 21 

24. 29 1. 90 4 28. 46 

26. 45 5. 83 7.6 34. 13 

26. 63 §. 33 10. : 37. 02 


1 F=stored at —20° C; samples 91-96 and 258, 21 months; others 24 months, 
2 R=stored at room temperature same times as above. 


TaBLE 15.—Lffect of storage on acidity—analysis of variance 


Free acidity 


Source of variability DF. 
S.8 M.S I S$ 
ARG) NS a = ce Ti) PAE | ee ee 
Materials_____- 9 | 190.6 Wah OFF |... 
Storage [aire 1 10.9 10. 93 * — 
LOAN) pa Ta oi Sep rae 9 6. 14 Gh eee 0. 83 
Lactone 
Source of variability D.F. fe 2a 
8.5 M.S r 5 
HO) | UGG Gy |e Sa Ee ae : 
9] 159, 2 WOON ole | 
1 10. 7 NOMGS UHL S Rf 
9 5. 11 . 57 aed 0. 75 
Total acidity 
Source of variability IDRIS es, 
8.8 M.S. Fr SS) 
Peri27 


**}Exceeds 1-percent probability level. 
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cannot be salvaged by reprocessing, since their composition has 
changed. On the other hand, texture lost by short-time high- 
temperature storage, resulting only in solution of the dextrose, could 
be restored by reprocessing. 

The slow decrease of D/W ratio due to loss of dextrose will not be 
an important factor in quality loss if the initial ratio is sufficiently 
high. However, a too-high ratio would yield an excessively hard 


product. 
Acids 


Table 14 shows the free acidity, lactone content, and total acidity 
of 10 samples stored under the conditions described above. None of 
the samples showed visible evidence of fermentation. Table 15 
gives the analysis of variance for the free acidity, lactone, and total 
acidity values. The average changes in each of these categories are 
seen to be highly significant. Cocker (10) and White (49) proposed 
that an enzyme producing acidity occurs in honey. If this is the 
case, honey samples with high diastase number might be expected to 
show a correspondingly high rate of acid production. These values 
for 10 honey samples are given in table 16. Also in the table is an 
analysis of variance for regression. The F value obtained, 11.5, 
demonstrates a highly significant regression between the two sets of 
values. This is not meant to imply that amylase is responsible for 
acid production, but rather that the factors affecting amylase ac- 
tivity also influence the activity of the acid-producing enzyme. 


Tasie 16.—Regression of acid production by honey on diastase value 


Sample No. Diastase value |Change in total 
acidity per year 

Meq.{kg. 
QU ae ae BE A oe See eee Sersan 38. 0 3. 16 
2082 nu Sates ee ee ae oe ee | 35. 3 2.74 
(Ae ae ee =, Se SR 6 Bo ssi 33.9 1. 50 
94_ aesn 38 == bt ayn Sede, SS =e 19.1 - 46 
96_ Se eg a es ay Se es er ee eee teed 27.8 2. 66 
LO7Ssevsen 22 ex biats Meee Sa ene 18.5 . 59 
LY feet tee ee Sale oe eee be 8.0 -18 
NS el a eee eee as 20. 0 1. $4 
CO epee a ee eet Ea Sree a are 10. 7 1. 59 
OS he SS Se eee ere err 2 RTE 21.7 1. 58 

Analysis of variance for regression 
| 

Source 5.8. DBP. MS. | r 
tn) (Rae booty 927. 28 9: Ree eee ae 
Linear regression... ......----- _-| 546. 99 1 DAT 11. 5** 
Deviations rie _ -| 380, 29. 8s 47.5 Sy 


**Significant at l-percent probability level. 
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Diastase 


The amylase (diastase) content of honey has long been used by 
Europeans as a measure of the heat treatment to which a honey has 
been exposed. The voluminous literature will not be reviewed here 
(4, 6, 11, 18-20, 28, 82, 35, 46). Recently (17, 18), it has been pro- 
posed that diastase content alone is not a suitable criterion for the 
detection of overheated honey. 

There appears to be relatively little information in the literature on 
the effect of storage of honey on its diastase content. de Boer (3), 
using the Gothe procedure, reported that diastase decreased gradually 
with age of honey—about 3 Gothe “steps” in 10 years. Schade, 
Marsh, and Eckert, ($2) using their improved procedure, reported 
diastase value for eight honey samples before and after storage for 13 
to 15 months at 20° C. They reported that the diastase activity 
had “decreased slightly but not significantly in most cases.”’ We 
have subjected their data (the seven samples in their table 3) to the 
analysis of variance, and the changes were significant at the 1-percent 
probability level (F = 11.7). Their data for seven samples showed 
an average decrease of 10.1 percent in diastase value after storage 
for the approximately 14 months at 20° C., or 0.72 percent per month. 


Tasie 17.— [fect of storage on diastase content of honey 


Diastase value 
Sample No. Storage Loss Loss per 
time Room month 
Frozen tem- 
perature 
Months Percent Percent 

21 61, 2 30. 9 49.5 2. 36 

20 32. 6 18. 6 42. 9 2. 16 

20 14. 6 8. 11 44. 5 2. 23 

19 17.6 7. 23 59. 1 3. 11 

17 10. 6 7. 59 28. 3 1. 66 

13 6. 74 3. 97 41.1 3. 16 

13 38. 0 21.8 42. 6 3. 28 

13 35. 3 20.8 41.1 3. 16 

13 33. 3 19.0 42.9 3. 30 

13 19.1 12.9 32. 5 2. 50 

13 27.8 18. 4 33.8 2. 60 

13 8. 00 4. 42 44.7 3. 44 

13 21.7 15. 8 27. 2 2. 09 

13 10. 3 8. 40 18. 4 1. 41 

13 22.4 13. 2 41,1 3. 16 

9 10.8 8. 15 24. 5 2. 72 

8 22. 6 15. 9 29. 6 3. 70 

8 16. 7 11.4 31.7 3. 96 

8 15. 2 . 38 38. 1 4. 76 

4 15. 2 12.8 15. 8 3. 95 

13. 2 22.0 13. 4 38. 9 2. 95 
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We have determined diastase value for aliquots of 20 samples of 
honey after dark storage for 4 to 21 months at —20° C. and also at 
laboratory room temperature (table 17). Samples were from the 
1956 and 1957 crops and were frozen on receipt at the laboratory at 
varying times (}4 to 14 months) after their extraction. The data are 
based on the reasonable assumption that no change takes place in 
samples stored at —20° C. This table shows an average loss in di- 
astase value of 2.95 percent per month, for honey stored unheated at 
temperatures ranging from about 23° to 28° C. This is equivalent 
to a half-life of 17 months. 

This loss may be compared to the 0.72 percent per month shown 
by the data of Schade et al. for a temperature probably 5° to 6° C. 
lower. ‘This at once emphasizes the importance of low-temperature 
storage for honey in which diastase content must be maintained. 
Our data show a considerable variation in the rate of loss of diastase 
among the honey samples. Kiermeier and Koberlein (18) reported 
that the heat sensitivity of honey diastase is related to the pH of the 
sample; Schade, Marsh, and Eckert (82) agree. 

We made an effort to relate several compositional factors to the 
rate of loss of diastase in storage, but no relationship was obtained 
for ash, total acidity, hydrogen ion concentration, original diastase 
value, and moisture content (table 18). An analysis of variance for 
regression on the values for diastase loss versus original diastase 
value, for example, gave an F value of 2.66, significant at the 10- 
percent probability level. However, rate of loss was correlated with 
storage time; the rate for samples stored for short periods was signifi- 
cantly greater than the overall rate for samples stored for longer. 
periods. Analysis of variance of these data yields an F value for 
linear regression of 12.4, significant at the 1-percent probability level. 
A less significant relation was found between total age and rate of 
diastase loss. ‘This does not provide information on the composition 
factors controlling rate of loss. 

These data and also those of Schade and coworkers show that 
storage temperature is a most important factor affecting retention of 
diastase in honey. Many workers have reported studies relating 
diastase loss to degree of heating (4, 11, 18-20, 23, 32, 46) investi- 
gating the thesis that diastatie activity is an indication of heating of 


Taste 18.—Correlation of diastase loss rate with other factors 


Factor F value! 
Time of:storage- sco ene oes aa ea Oe ne ee 125405 
Original diastase value........-.----.-- heat 
Moisture content-.-.-sen.. sees a aaa ol 
Total acidity. 2-2 eS 75 
Hydrogen ion concentration - 07 
Wahiacete Sse A a ee ae BESO 1.9 
aR OCAL ARG soo 2 ite ye tee ee 7. 6* 


' Calculated by analysis of variance for regression. 
2 Significant at 10-percent probability level. 
*Ixceeds 5-percent probability level. 

**TExceeds 1- percent probability level. 
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honey. de Boer in his study of aging of honey did note that in general 
the changes that occur as honey ages are the same as those brought 
about by heating; he had particular reference to increase in hydroxy- 
methylfurfural content. We have now, for the first time, evidence 
that over a storage period of 12 to 18 months, without heating, a 
honey may lose enough diastase to fall below the minimum values 
required for European acceptance as table honey. 


OFFICIAL DEFINITION OF HONEY 


Under the original Federal Food and Drugs Act of 1906, the follow- 
ing definition and standard for honey was in force (44): 

1. Honey. The nectar and saccharine exudations of plants gathered, 
modified, and stored in the comb by honeybees (Apis mellifica and A. 
dorsata). Honey is levorotatory and contains not more than 25 percent 
of water, not more than 0.25 percent of ash, and not more than 8 percent 
of sucrose. 

2. Comp Honey. Honey contained in the cells of comb. 

3. Exrracten Honry. Honey which has been separated from the un- 
crushed comb by centrifugal force or gravity. 

4, Srratnep Honpy. Honey removed from the crushed comb by straining 
or other means. 

This statement represents the current view of the Food and Drug 

Administration as to what honey should be, but it now has an 
advisory status rather than the status of a definition and standard 
for a food established under Section 401 of the present Federal Food, 
Drug, and Cosmetic Act. There is no definition and standard for 
honey under the present Act. 
_ If the analytical results in table 1 are examined with these limits 
in mind, it appears that the moisture limit of 25 percent is too high. 
The 8-percent limit for sucrose is not exceeded by any of the samples; 
a 7-percent limit would be exceeded by only one sample. The 0.25- 
percent limit for ash content appears to be too low. It is exceeded by 
103 (21 percent) of the 490 samples that were classified as honey by 
their producers. Feinberg (14) has also noted that the 0.25-pereent 
limit for ash is unrealistic. It is not needed to distinguish honey 
from honeydew, since there are other criteria for this purpose. 


SUMMARY AND CONCLUSIONS 


_1. The results of physical and chemical examination are given and 
discussed for 504 samples of honey and honeydew from 47 States. 
They represent 83 single floral types, 93 blends of known composition, 
and 4 types of honeydew, all from the 1956 and 1957 crop years. The 
analyses carried out and the average values for 490 honey samples 
are: color, dark part of “White”; granulating tendency, }<- to }4-inch 
layer; moisture, 17.2 percent; levulose, 38.19 percent; dextrose, 31.28 
percent; sucrose, 1.31 percent; “maltose” (reducing disaccharides), 
7.31 percent; higher sugars, 1.50 percent; pH, 3.91; free acidity, 22.03 
meq./kg.; lactone, 7.11 meq./kg.; total acidity, 29.12 meq./kg.; lac- 


* Osborn, R. A., Division of Food, F minis i i 
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tone/free acid ratio, 0.335; ash, 0.169 percent; nitrogen, 0.041 percent; 
and diastase, 20.8. A limited number of melezitose determinations 
was also made. 

2. The analytical values for 74 types and blends of honey and honey- 
dew were compared with averages. 

3. All honey samples showed the same pattern of sugars present 
when examined by paper chromatography. Considerable variation 
was noted in the relative amounts of the various minor sugars. 

4. Lactone material is a general constituent of honey; the ratio of 
lactone to free acidity (average, 0.335) is closely related to the pH of 
the honey. Honeydew with higher pH shows lower values (average 
0.127) for the ratio. 

5. The pH of honey was found to be related to its ash content rather 
than to the titratable acidity. 

6. Where comparisons were made of the same floral types of honey 
as produced in the two crop years, relatively small or no differences 
were apparent. Dextrose content and granulating tendency showed 
significant differences in some cases. 

7. Not enough samples were available for definitive comparison of 
the effect of area of production on composition. Comparisons of 
averages for alfalfa honey (Intermountain versus Imperial Valley), 
cotton honey (Arizona, California, and Texas), and orange honey 
(California versus Florida) were made. Differences due to location 
were very minor and, where tested, not statistically significant. 

8. Samples were grouped into 10 classes of granulating tendency, 
and the relationship of the average composition of each group to its 
granulating tendency was examined. It was shown statistically that 
dextrose content is most closely related, with levulose content showing 
no relation to granulating tendency. 

9. As an index to predict the granulating tendency of honey the 
dextrose/water ratio of Austin is of most practical value, being more 
useful than the old levulose/dextrose ratio. D/W values of 1.7 and 
lower are generally associated with nongranulating honey while values 
of 2.1 and above predict rapid granulation to a solid. 

10. It is statistically confirmed that dark honeys contain higher ash 
(mineral) and nitrogen content than light honeys. They also have 
lower sucrose, lactone/free acid, dextrose, and levulose content. Dark 
honeys are higher in total acid, free acid, maltose, higher sugars, and 
pH. 

11. When honey samples are averaged by state of origin, it is seen 
that honeys from the Hast and South are darker than average, and 
those from the Intermountain and North Central regions lighter. 
North Central honeys are higher in moisture, with Intermountain 
samples more heavy-bodied. Honey from the South Atlantic States 
granulates least, while the predominating alfalfa-clover types give the 
Intermountain honey the greatest granulating tendency. 

_ 12. Average composition of 251 “single’’-source samples grouped 
into 33 plant families is given. 

13. Although it is a relatively stable commodity, honey is subject 
to chemical, physical, and biological change even when stored at 
73° to 82° F. During 2 years of such storage about 9 percent of the 
monosaccharides are converted per year into more complex disaceha- 
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rides and higher sugars. The free-dextrose content declines twice as 
rapidly as does the free levulose. All samples examined in the storage 
study showed such changes. 

14. Significant increases were noted in acidity during storage, but 
some samples showed no change. Evidence for possible enzymic 
nature of this change is given. 

15. Diastase values of unheated honey decline in room-temperature 
storage (23-28° C.), with diastase showing a half-life of 17 months 
under these conditions. 
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APPENDIX 
ANALYTICAL PROCEDURES 


Full details of all analytical methods used and pertinent reference 
material are included here. Sufficient information is included to 
allow such analyses to be made substantially without outside reference. 
Many of the methods are those of the Association of Official Agricul- 
tural Chemists and appear in the ninth edition of the Book of Methods. 


Moisture 


Refractive index was determined on an Abbé refractometer at 20° C. 
(68° F.); moisture content was obtained from data in table 19. 


Tas.e 19.-—Refractive index and moisture content of honey’ 


7 - 
ny | Moisture | np Moisture np | Moisture 
Percent Percent Percent 

1. 5041 13. 0 1. 4955 16.4 1. 4871 19.8 
35 a 50 .6 66 20. 0 
30 a4 15 8 62 eat 
25 Ani 40 17.0 58 a4 
20 8 35 av 53 .6 
15 14. 0 1, 4930 | 49 .8 
10 ay’) 25 .6 1. A844 Ze O 
05 JA 20 .8 28 21.5 

1. 5000 H(i) 15 18. 0 15 22.0 

1. 4995 .8 10 A" 02 22.5 
90 15. 0 05 a4 1. 4789 23. 0 
$5 nie 1. 4900 .6 77 23.5 
80 | 1, 4895 .§ 64 24. 0 
75 6 90 19. 0 52 24.5 
70 .8 85 .2 39 25. 0 
65 16.0 80 | 26 25. 5 
60 2 76 .6 L 4714 26.0 


1 Moisture values from 13.0 to 21 percent are from AOAC(1). Extrapolation 
and dilution of known samples were used by authors to extend range to 26 
percent. 


Color 


Color was estimated with the USDA honey color classifier. ‘The 
instrument is commercially available and is shown in figure 6. 

The color comparators containing the permanent glass color stand- 
ards are all-metal boxes having dimensions approximately 8 by 2 by 3 
inches, divided by thin partitions into five square compartments, 


AS. 
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Ficure 6.—U.S. Department of Agriculture honey color classifier. 


each of which has two windows approximately 1.2 inches square. The 
three lighter glass standards (Water White, Extra White, and White) 
are mounted in one of the comparator boxes on a shelf against the 
front windows in compartments 1,3, and 5. The three darker stand- 
ards (Extra Light Amber, Light Amber, and Amber) are mounted in a 
similar manner in a second comparator box. Three 2-ounce square 
sample bottles of 14 inches (31.5 mm. internal thickness) filled with 
distilled water (referred to as “blanks’’) are placed in the compart- 
ments behind the glass standards in the comparator being used for 
grading. A similar bottle containing honey to be classified is placed 
in the appropriate comparator in either compartment 2 or 4 so that 
it will be between adjacent standards. To assist in the classification 
of honeys which are appreciably turbid, three square bottles are pro- 
vided containing suspensions of diatomaceous earth in distilled water 
containing 0.5% carboxymethyleellulose and 0.1% sorbic acid. 
These are referred to as “Cloudy 1,” “Cloudy 2,” and “Cloudy 3,” 
and are used interchangeably with any one of the clear blanks to 
reduce the brightness of a glass standard to a level near that of the 
honey to be classified. 

Use the following procedure in classifying extracted honey with 
these comparators: 


(1) Place the clear blanks or the cloudy suspensions in back of 
the glass standards in compartments 1, 3, and 5 of one or both 
of the comparators. 

(2) Pour the honey to be classified, which must be free of granu- 
lation, into a clean dry bottle. Then place the bottle in com- 
partment 2 or 4 of either comparator box. 

(3) Hold the comparator at a convenient distance from the eye 
and view it by diffused light (¢.g., by north sky, overcast sky, 
or diffused artificial light source provided by a tungsten lamp 
or a white or daylight fluorescent lamp). Then determine 
the color classification of the honey by comparing the sample 
with the standards. Switching the sample from compart- 
ment 2 to 4, or vice versa, interchanging the clear blanks and 
the appropriate cloudy suspension, and in some cases shifting 
to the second comparator or using both comparators, may 
be necessary. 
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The standard glasses represent the upper grade limits, or the 
“darkest”? color permitted in the color class named above each glass. 
If a sample is equal to or lighter than a glass (White, for example), 
but not lighter than the next lighter glass (xtra White, for example), 
it is placed in the former class; in this example, White. Honey darker 
than the Amber glass is classified Dark Amber. 

Most honeys are appreciably cloudy because of the presence of air 
bubbles and fine suspended matter. The brightness of such a sample 
is lowered, and its color classification may be difficult to determine, 
particularly if its hue is near that of one of the color standards. Its 
color classification will be more easily determined if the clear blank is 
replaced by one of the cloudy suspensions. 


Granulation 


The procedure is fully described earlier in this bulletin. The polari- 
scope referred to was constructed for detecting incipient granulation 
in honey. A drawing of the device is shown in figure 7. 


HEAT-ABSORBING GLASS 
AIR SPACE 


GROUND GLASS 
POLAROID Y" FILM ~_\ 


CLEAR GLASS 


VENTILATING HOLES 
75 WATT BULB 


VENTILATING HOLES 


POLAROID Y" FILM BETWEEN 
2 CLEAR GLASS PLATES 6°x6" 


Ficure 7.—Polariscope for observing crystallization in honey. 


Carbohydrate Analysis 


By adsorption of honey sample on charcoal, followed by elution into 
monosaccharide, disaccharide, and higher sugar fractions, interference 
of disaccharides in dextrose and levulose determinations is eliminated. 
Elution is by progressively higher EtOH concentrations, followed by 
determination of individual monosaccharides, sucrose, reducing disac- 
charides collectively as maltose, and trisaccharides and higher sugars 
collectively after hydrolysis. 


617147°—62 t 
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<«— 35/20 Spherical joint 


| Liter 
I3cm. Dia. 


2.2cm. O.D. 


37 cm. 


[om. Filter aid 


Charcoal-filter aid 


Glass wool 


Ficure 8.—Analytical charcoal column used for honey analysis. 
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PREPARATION AND STANDARDIZATION OF ADSORPTION COLUMN.— 
Column, shown in figure 8, is 22 mm. outside diameter by 370 mm. 
long, with 1 liter spherical section and 35/20 spherical ground joint at 
top. Adsorbent is 1+-1 mixture of Darco G-60 charcoal and rapid 
filter-aid (Celite 545 or Dicalite 4200).'° 

Insert glass wool plug, wet from below, and add enough dry adsorb- 
ent to the dry tube (23-26 cm.) to compress to 17 em. when vacuum 
is applied with gentle tapping of column. Remove excess charcoal 
from walls of column, and add filter-aid layer at top with gentle pack- 
ing (1-1.5 em.). Wash column with 500 ml. H,O and 250 ml. 50 per- 
cent EtOH, and let stand overnight with 50 percent EtOH on it. 
Flow rate should be 5.5-8.0 ml./min. with H,O at 9 lb./sq. in. air 
pressure. Slower flow rates delay analyses excessively. 

The following alternative wet packing procedure has been found to 
increase column flow rate: Prepare a column with glass wool plug and 
10 mm. of dry filter aid at bottom. Then, with outlet open, add a 
suspension of 18 gm. of adsorbent mixture in 200 ml. of water. After 
5 min., apply 4 lb./sq. in. air pressure until the charcoal surface is 
stabilized. After application of 9 ]b./sq. in. pressure, use suction to 
remove any excessive charcoal mixture beyond 17 cm. depth and place 
layer of filter aid on the charcoal surface. Then continue washing as 
above. 

Alcohol content of eluting solutions must be adjusted to retentive 
power of charcoal used. Wash column EtOH-free with 250 ml. H,0, 
quantitatively add 10 ml. solution of 1.000 g. anhydrous dextrose to 
top, and draw it into column with suction; do not let dry. Add 300 
ml. H,O to top, break suction, apply pressure (10 lb./sq. in. max.), and 
collect eluate in five 50 ml. portions in tared beakers. Include 10 ml. 
from sample introduction in first 50 ml. fraction. Evaporate frac- 
tions on steam bath, dry in vacuum oven at 89°-100° C., and weigh. 

Decant remaining HO from top of column, pass 50 ml. 5 percent 
EtOH and then 250 ml. H,O through column, and repeat chromatog- 
raphy, using 1.000 ¢. anhydrous dextrose in 10 ml. 1 percent EtOH, 
washing with 250 ml. 1 percent EtOH as above. Repeat chroma- 
tography with 2 percent EtOH if necessary to select as solvent A that 
which removes dextrose in 150 ml. 

Wash column with 250 ml. HO and then 20 ml. 5 percent EtOH. 
To top, add 10 ml. 5 percent EtOH solution containing 100 mg. malt- 
ose and 100 mg. sucrose. Elute as above with 250 ml. 45 percent 
EtOH, weighing evaporated 50 ml. portions of filtrate. Repeat, if 
necessary, with 7, 8, and 9 percent EtOH to find solvent B that will 
elute at least 98 percent disaccharides in 200 ml. Solvent A pre- 
viously selected must not elute disaccharides. Combinations found 
satisfactory with various charcoals are 1, 7;2,8;2, 9 percent. At con- 
clusion, pass 100 ml. 50 percent EtOH through column, and store 
under layer of this solvent. 

PREPARATION OF FRACTIONS.—Wash column with 250 ml. H,0 and 


'© Darco G-60 is a product of Darco Corporation, New York, N.Y.; Celite 545, 
Johns Manville, New York, N.Y.; and Dicalite 4200, Dicalite Div., Great Lakes 
Carbon Corp., New York, N.Y. Mention of trade names does not imply endorse- 
ment by the Department of Agriculture over similar products not mentioned. 
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decant any supernatant. Pass 20 ml. solvent A through column, and 
discard. Dissolye 1 g. sample in 10 ml. solvent A in 50 ml. beaker. 
Transfer sample (using long-stem funnel) onto column, and force into 
column. Use 15 ml. solvent A to rinse beaker and funnel, and add to 
column. Collect all eluate, beginning with sample introduction in 
250 ml. volumetric flask. Add 250 ml. solvent A, and collect exactly 
250 ml. total (fraction A-monosaccharides). Decant excess solvent 
from top, add 265-270 ml. solvent B, and collect 250 ml. in volumetric 
flask (fraction B-disaccharides). Decant excess, add 110 ml. 50 per- 
cent EtOH (solvent C), and collect 100 ml. in volumetric flask (frac- 
tion C-higher sugars). Mix each fraction thoroughly. Column may 
be stored indefinitely, outlet closed, under 50 percent EtOH. Discard 
packing after § uses. 

LEVULOSE DETERMINATION, REAGENTS.—(a) Jodine solution.—0.05 
N. Dissolve 13.5 g. pure I in solution of 24 g. KI in 200 ml. H.O, and 
dilute to 2 liters. Do not standardize. 

(b) Sodium hydroxide solution—0.1N. Dissolve 20 g. NaOH and 
dilute to 5 liters. 

(c) Sodium hydroxide solution-1N. Dissolve 41 g. NaOll in H.O 
and dilute to 1 liter. 

(d) Sulfuric acid solution-1N. Add 56 ml. H.SO, to H.O and 
dilute to 2 liters. 

(e) Sulfuric acid solution-2N. Add 56 ml. H,SO, to HO and dilute 
to 1 liter. 

(f) Sodium sulfite solution-1%. Dissolve 1 g. NasSO; in 100 ml. 
H.O. Make fresh daily. 

e) Starch solution -1%, freshly prepared. 

(h) Bromeresol green solution. Dissolve 150 mg. bromeresol green 
in 100 ml. H.O. 

(i) Shaffer-Somogyi reagent. Dissolve 25 g. each anhydrous Na2- 
CO; and Rochelle salt in about 500 ml. H,O in 2-liter beaker. Add 75 
ml. of solution of 100 g. CuSO,5H1,0 per liter, through funnel with tip 
under surface, with stirring. Add 20 g. dry NaHCOs, dissolve, and 
add5g. KI. Transfer solution to 1-liter volumetric flask, add 250 ml. 
0.100N KIO; (3.567 g. dissolved and diluted to 1 liter), dilute to vol- 
ume, and filter through fritted glass. Age overnight before use. 

(j) Iodide-oxalate solution. Wissolve 2.5 g. KI and 2.5 g. K oxalate 
in 100 ml. H.0. Make fresh weekly. 

(k) Sodium thiosulfate standard solution.-0.005N. Prepare from 
standardized stock 0.1000N solution. Make fresh daily. 

_ L&ryULOSE DETERMINATION, PROCEDURE.—Pipet 20 ml. fraction A 
into 200 ml. volumetric flask. Add 40 ml. 0.05N I solution by pipet, 
then with vigorous mixing add 25 ml. 0.1N NaOH over 30 seconds 
period, and immediately place flask in18+0.1°C. water bath. Exactly 
10 minutes after alkali addition, add 5 ml. 1N H.SO, and remove from 
bath. Exactly neutralize T with Na,SO, solution, using 2 drops starch 
solution near end point. Back-titrate with dilute I if necessary. 
Add 5 drops bromeresol green and exactly neutralize solution with 
IN NaOH; then make just acid to indicator. Dilute to volume and 
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determine reducing value of 5 ml. aliquots by Shaffer-Somogyi method: 
Place 5 ml. in 25 by 200 mm. test tubes, add 5 ml. Shaffer-Somogyi 
reagent, and mix by swirling. Place in boiling H,O bath and cap with 
funnel or bulb. After 15 minutes, remove to running HO cooling 
bath with care, and cool 4 minutes. Carefully remove caps, and add, 
down side, 2 ml. iodide-oxalate solution and then 3 ml. 2N H,SO,. 
(Do not agitate solution while alkaline.) Mix thoroughly, seeing that 
all Cu.O is dissolved. Return to cold H,O and let stand 5 minutes, 
mixing twice in this period. Titrate in tube with 0.005N Na,S.O; 
and starch indicator. (Magnetic stirrer is most suitable for purpose.) 
Make duplicate blanks and determinations. Deduct titration from 
that of blank and calculate levulose: 


500 [(titer X 0.1150) + 0.0915] 100 
mg. sample 


Percent levulose 


Levulose correction for dextrose determination = l.c. = [(titer 
0.1150) + 0.0915] 40. Bracketed quantity is mg. levulose in 5 ml. 
aliquot, valid between 0.5 and 1.75 mg. levulose. 

DrEx?ROSE DETERMINATION, REAGENTS.—Sodium thiosulfate solu- 
tion.—0.05N. Prepare from standardized stock 0.1000N solution. 

DEXTROSE DETERMINATION, PROCEDURE.—Pipet 20 ml. fraction A 
into duplicate 250 ml. Erlenmeyers. Evaporate to dryness on steam 
bath in air current. Add 20 ml. H.O, pipet 20 ml. 0.05N I, and as in 
levulose determination, add 25 ml. 0.1N NaOH slowly, and immedi- 
ately place in 18+0.1° HO bath. Exactly 10 minutes from end of 
alkali addition, add 5 ml. 2N H,SO,, remove from bath, and titrate 
with 0.05N NaS:Oz, using starch solution. Make duplicate blanks, 
using H.O. Subtract titration value from that of blank, and calculate 
dextrose: 


56.275 [titer — (0.01215 X le.)] X 100 
mg. sample Z 


Percent dextrose 


where l.c. = levulose correction from levulose determination. Equa- 
tion is valid over range 10-50 mg. dextrose in 20 ml. In presence of 
dextrose, 1 mg. levulose requires 0.01215 ml. 0.05N Na,S.Os, in range 
15-60 mg. levulose. 

REDUCING DISACCHARIDES AS MALTOSE, DETERMINATION.—Pipet 
duplicate 5 ml. aliquots of fraction B into 25 X 200 mm. test tubes, 
and add 5 ml. Shaffer-Somogyi reagent. Determine reducing value as 
in levulose determination, except boil tubes 30 minutes. Value for 
15 minute-water blank may be used here. Calculate % reducing 
disaccharides as maltose: 


50 [(titer X 0.2264) + 0.075] X_100 
mg. sample 


Percent ‘maltose’ = 


Maltose correction for sucrose determination = maltose titer X 
0.92. Reducing value of maltose at 15 minutes is 92 percent of final 
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value. Bracketed quantity is mg. maltose in 5 ml. aliquot, valid 
between 0.15 to 3.80 mg. maltose. 

SuckosE DETERMINATION, REAGENTS.—(a) [Hydrochloric acid solu- 
tion.—6N. Add 250 ml. HCl to HO and dilute to 500 ml. 

(b) Sodium hydroxide solution —5N. Dissolve 103 g. NaOH in 
HO and dilute, after cooling, to 500 ml. 

SucROSE DETERMINATION, PROCEDURE.—Pipet 25 ml. fraction B into 
50 ml. volumetric flask. Add 5 ml. 6N HCl and 5 ml. H,O. Mix, 
let stand in 60° H.O bath 17 minutes, cool, and neutralize to bromcre- 
sol green with 5N NaOH (polyethylene squeeze bottle is excellent 
for holding and delivering alkali). Adjust to acid color of indicator, 
using 2N ELSO, to correct overrun. Dilute to volume and determine 
reducing value of 5 ml. aliquots by Shaffer-Somogyi determination 
as for levulose. Subtract titration from blank, and calculate sucrose 
by reference to curve constructed from following table: 


Sucrose in & ml, 0.005 N NaaS203 
aliquot oxidized, mg. required, ml, 
0. 255 1.75 
. 502 3. 95 
1. 004 8. 72 
1. 260 11, 28 


From curve obtain S,; = sucrose equivalent to maltose correction 
(see above for maltose) and S, = sucrose equivalent of sucrose titer. 


50 (28, — S,) X 100 


Percent sucrose = 
mg. sample 


MELEZITOSE DETERMINATION, REAGENTS.—(a) Yeast invertase.—1 
percent. Dissolve 1 g. melibiase-free yeast invertase preparation in 
water and dilute to 100 ml. 

(b) Buffer—M/10 acetate, pH 4.5. Dissolve 6 g. glacial acetic 
acid in 500 ml. water, titrate with N NaOH to pH 4.5, dilute to 1 liter. 

MELEZITOSE DETERMINATION, PROCEDURE.—T'o 25 ml. of fraction 
B in a 50 ml. volumetric flask add 0.1 ml. enzyme solution and 1.0 ml. 
buffer. Mix, let stand 1 hour at room temperature, make to volume 
and determine reducing value of 5 ml. aliquot by Shaffer-Somogyi 
determination as for levulose. Subtract titration value from blank 
(with enzyme, buffer) and obtain value for true sucrose from table 
given under “sucrose.” Calculate as for sucrose. 

The difference between this value and that obtained as described 
under “sucrose” is considered due to melezitose. Multiply the dif- 
ference, expressed as percent of honey sample, by 1.47 to obtain 
estimation of melezitose content of honey sample. 

Nore.—The amount of enzyme solution used will depend on the 
strength of the invertase solution used. 

Hicuer sucars, or “pexrrin”, procepurn.—Pipet 25 ml. aliquots 
of fraction C into 50 ml. volumetric flasks. Add 5 ml. 6N HCl and 
5 ml. H,O, and heat in boiling H.O bath 45 minutes. Cool, neutralize 
as for sucrose, dilute to volume, and determine reducing value by 
Shaffer-Somogyi determination as for levulose. Subtract titration 
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value from blank and obtain dextrose equivalent from curve con- 
structed from data below: 


Dettrose, mg, Titer, ml, 
0. 05 0. 20 
10 - 60 

25 1. 85 

50 4. 00 

1. 00 8. 50 

2. 00 17. 60 


40 (dextrose equiv.) < 100 
ming. sample 


Percent higher sugars = 


Norrs.—lIor most accurate work, ShafferSomogyi values must 
check within 0.04 ml. Calibration of entire procedures, including 
column, using known synthetic mixtures of dextrose, levulose, sucrose, 
maltose, and raflinose (corrected for moisture) is recommended for 
critical work. Efficiency of column separation may be checked by 
paper chromatography of fractions A, B, and C. 


Free, Total and Lactone Acidity 


The following titration is carried out with a pH meter (recently 
calibrated at pH 4 and 8) and 10-ml. microburets with extended tips 
delivering 0.05N HCl and 0.05N alkali into the beaker used to contain 
the sample: 

To a 10-g. sample of honey contained in a 250-ml. beaker, add 75 
ml. CO.-free distilled water. Dissolve honey and stir the solution with 
a magnetic stirrer. Place the electrodes of a pH meter in the solu- 
tion and record the initial pH. Then titrate the solution with 0.05N 
NaOH. Add the NaOH at a rate so that individual drops just tend 
to merge into a steady stream (5.0 ml./min.). Stop adding NaOll 
when the pH reaches 8.5. Immediately add 10 ml. 0.05N NaOH by 
means of a 10-ml. pipet and without delay titrate back to pH 8.3 by 
adding 0.05N HCl from a 10-ml. buret. 

The amount of NaOH added from the buret, minus the “blank” 
correction, is considered the measure of the free acid present, and the 
amount of HCl used subtracted from 10 ml. is a measure of the lactone 
content. The sum of free acid and lactone is the total acidity. All 
values are calculated to milliequivalents per kilogram. The titration 
rate given is as rapid as found consistent with acceptable repro- 
ducibility. Titration to pH 8.5 is equivalent to maintenance of 
phenolphthalein pink for 10 seconds, since the pH falls to 8.3 in that 
time. 


Ash 


Weigh 5-10 g. honey into a flamed and weighed platinum dish. 
Place under a 375-watt infrared lamp with variable voltage input and 
slowly increase until sample is black and dry and there is no longer 
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any danger of loss by foaming. Place in a muffle furnace at 600° C. 
overnight. Cool and weigh. 


wt. ash : 
wt, sample 100 = percent ash 


Nitrogen 


Reacents.—(a) Methyl red-methylene blue indicator—Mix 2 paris 
0.2 percent alcoholic methyl red solution with 1 part 0.2 percent 
alcoholic methylene blue solution. 

(b) Scdium hydrowide-sodium thiosulfate—Add 25 ml. of 25 percent 
Na.S,0,-5H.0 to 160 ml. of 50 percent NaOH. 

(c) Boric acid—Saturated solution. 

(d) Hydrochloric acid.—0.01 N, diluted from standard 0.1 N. 

Apparatus.—(a) Digestion rack—Use rack with electric heaters 
which will supply sufficient heat to a 30 ml. flask to cause 15 ml. 
water at 25° C. to come to a rolling boil in not less than 2 or more 
than 3 minutes. 

(b) Distillation apparatus —Use one-piece distillation apparatus 
40). 
(c) Digestion flasks —Use 30 ml. regular Kjeldahl flasks (40). 

Proceptre.—Transfer 300 mg. honey (sample which will require 
3-10 ml. 0.01N HCl) to 30 ml. Kjeldahl flask. Add 1.9 +0.1 g. 
K,SO,, 40 + 10 mg. HgO and 3.0 + 0.1 ml. H.SO;. Add boiling 
chips which pass No. 10 sieve and digest for 1 hour after acid comes 
to a true boil. Cool, add minimum quantity H,O to dissolve solids, 
cool, place thin film of petroleum jelly on rim of flask. Transfer 
digest and boiling chips to distillation apparatus and check complete- 
ness of transfer by adding drop of indicator to final rinses. Place 
125 ml. Phillips beaker or Erlenmeyer flask containing 2.5 ml. H,BOs, 
1-2 drops indicator under condenser with tip extending below surface. 
Add 8-10 ml. NaOH-Na,S,0; to still, collect about 15 ml. distillate, 
and dilute to approximately 25 ml. Titrate to gray end point or 
first appearance of violet. Make blank determination and calculate. 


ostentiN ce (ml. HCl-blank) & N & 14.008 * 100 
wt. sample in mg. 


Diastase 


Buffered soluble starch-honey solution is incubated and_ time 
required to reach specified end point is determined by photoelectric 
photometer. Results are expressed as ml. 1 percent starch hydrolyzed 

yy enzyme in 1 g. honey in 1 hour. 

Ruacenrs—(a) Iodine stock solution —Dissolve 8.80 g. resublimed 
I, in 30-40 ml. H,0 containing 22.0 g. KI, and dilute to 1 liter with 


HN. 

(b) Iodine solution —0.0007 N. Dissolve 20 g. KI and 5.00 ml. 
I solution, (a), in H,O and dilute to 500 ml. Make fresh every 
second day. : 
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(ce) Acetate buffer—pH 5.3 (1.59 M). Dissolve 87 g. NaOAc-3H.0 
in 400 ml. H,O, add about 10.5 ml. HOAc in H,0, and dilute to 500 ml. 
Adjust pH to 5.30 with NaOAc or HOAc, if necessary. 

(d) Sedium chloride solution—0.5 M. Dissolve 14.5 g. NaCl in 
H.0 and dilute to 500 ml. 

(e) Starch solution —Weigh 2.000 g. soluble starch (Pfanstiehl, 
reagent grade, Improved Lintner Method or equivalent) and mix 
with 90 ml. H,O in 250-ml. Erlenmeyer flask. Rapidly bring to boil, 
swirling solution as much as possible. Boil gently 3 minutes, cover, 
and let cool to room temperature. Transfer to 100 ml. volumetric 
flask and dilute to volume. Observe procedure closely to limit varia- 
tion in blank starch-[ absorbance values. 

Appraratus—(a) Reaction vessel.—Attach side-arm, 18 * 60 mm., 
to 18 X 175 mm. test tube. Lower side of side-arm is attached 100 
mm. from bottom of tube, making 45° angle with lower portion of 
tube. 

(b) Photoelectric colorimeter.—Equipped with 660 mp red filter, or 
600 my interference filter. 


SraNDARDIZATION.—Pipet 5 ml. starch solution into 10 ml. H,O 
and mix well. Pipet 1 ml. of this solution into several 50 ml. gradu- 
ated cylinders containing 10 ml. of the dilute I solution. Mix well, 
and determine TH,O dilution necessary to produce absorbance value 
of 0.760+0.02 in photometer-test tube (or cell) combination to be 
used. Thisisstandard dilution for starch preparation used. Repeat 
when changing starch source. 

Procepurs.—Weigh 5 g. sample into 20 ml. beaker, dissolve in 
10-15 ml. H.O and 2.5 ml. buffer solution, and transfer to 25 ml. 
volumetric flask containing 1.5 ml. NaCl solution. Dilute to volume. 
(Solution must be buffered before adding to NaCl solution.) 

Pipet 5 ml. starch solution into side arm of reaction tube and 10 
ml. sample solution into bottom of tube, with care not to mix. Place 
tube in HO bath 15 minutes at 40+0.2° C.; then mix contents by 
tilting tube back and forth several times. Start stopwatch. At 5 
minutes, remove 1 ml. aliquot with pipet and add rapidly to 10.00 ml. 
dilute I solution in 50 ml. graduated cylinder. Mix, dilute to previ- 
ously determined volume, and determine absorbance in photoelectric 
photometer. Note time from mixing of starch and honey to addition 
of aliquot to I as reaction time. (Place 1 ml. pipet in reaction tube 
for reuse when later aliquots are taken.) Continue taking 1 ml. 
aliquots at intervals until absorbance value of <0.235 is obtained. 

The 5 minute value gives an approximation of end point as follows: 


Absorbance End Point (min.) 
0. 7 25 
. 65 20-25 
6 15-18 
55 11-13 
5 10 
A5 7-8 


: Plot absorbance versus time on rectilinear paper; draw straight 
line through starting absorbance and as many points as possible. 
From graph, determine time diluted reaction-l mixture reaches ab- 
sorbance of 0.235. Divide 300 by this time to obtain diastase number. 
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ACCURACY OF SUGAR ANALYSES BY THE SELECTIVE 
ADSORPTION METHOD 


In developing the method (54), known sugar mixtures were sub- 

jected to the procedure and recoveries calculated. Additions of known 
sugars to honey solutions were satisfactorily accounted for. 
During the work described in this bulletin, opportunities were taken 
to obtain measures of the accuracy of the method. Aliquots of the 
three analytical fractions for each of 17 consecutive samples were 
evaporated, and the dry weight so obtained was compared with that 
calculated from the sugar analyses. The results demonstrate the 
general accuracy of the method and also give some information on the 
materials not analyzed by the procedure. 

As an additional check on the accuracy of the method as applied to 
honey, monosaccharide fractions from the routine analyses of five 
honey samples were analyzed for dextrose and levulose polarimetrically 
as well as fe the chemical procedure. While it has been shown (57) 
that polarimetric determination of levulose in honey is not accurate, 
the use of charcoal column pretreatment removes interfering sugars 
and other materials and provides a solution containing only dextrose 
and levulose which can be analyzed polarimetrically. 

In the analytical procedure, the carbohydrates of a honey sample 
(0.8-1.0 g.) are obtained as follows: 

Fraction A—250 ml.—dextrose, levulose 
Fraction B—250 ml.—sucrose, reducing disaccharides 
Fraction C—100 ml.—higher sugars 

The dextrose and levulose are determined individually. Reducing 
disaccharides are determined in fraction B without preliminary hy- 
drolysis and calculated as maltose; sucrose is determined by increase 
in reducing power after a mild acid hydrolysis. In fraction C, reduc- 
ing sugars after hydrolysis are determined by copper reduction and 
reported as dextrose. 

_ Fifty-ml. aliquots of each of these three fractions from 17 consecu- 
tive honey samples were evaporated to dryness in a current of air ina 
steam bath and the weights of the residues determined. All solutions 
and residues were colorless. 

Table 20 shows the weights so obtained for 4 typical samples of the 
17 together with the weight calculated to be present from the chemical 
analyses. An analysis of variance on the individual weights of the 
three fractions from the 17 samples (the 4 in table 20 plus 13 not 
shown) as found by weighing and as calculated from the analytical 
values gave the results shown in table 21. The difference in the 
results given for fraction A by the two methods is not significant; the 
amount of unanalyzed material in fraction B is highly significant, and 
that for fraction C is also highly significant. 

Table 22 shows (for the same samples as in table 20) the amount of 
material found in the fractions by evaporation and that calculated 
from the analyses, both calculated for the entire sample. The last 
line (not analyzed) is the material not accounted for by each procedure. 
About 2.3 percent of honey material (17-sample average) in the three 
analytical fractions escapes analysis by the selective adsorption 
procedure. Table 23 gives the distribution of this material among 
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Tasue 23.—Distribution of wnanalyzed material, whole-sample basis ' 


Sample Aver- 

Fraction er __| age, 17 

samples 

A B Cc 
Percent Percent Percent Percent Percent 
Monosaccharide__.....-.------ 0.70 | —0. 44 0.12 | —0. 06 0. 

Disaccharide____ -- 2. 39 1. 93 1, 85 - 98 1. 40 
ie HeMmBURATS ea = one nee ie -47 - 48 . 57 . 52 . 52 
“Wok 5 Se 3. 56 1. 97 2. 54 1. 44 2.32 


1 Values show amount of unanalyzed material in each fraction, as percent of the 
entire sample. 


the three fractions. The largest part of the material is in fraction B, 
the disaccharides. 

For the polarimetric determination of the sugars of fraction A, 100 
ml. aliquots of fraction A from five successive honey analyses were 
evaporated as before. They were made to 10.00 ml. with water and 
a little ammonia and their rotation was determined. The specific 
rotation was calculated using the evaporated weights; and from the 
known values for pure levulose and dextrose, the composition of the 
solution was calculated. An example follows: 


Sample E (table 24). Original weight 0.9958 g. 

Residue from 100 ml. fraction A__-----_-_.-1____-.. 0.2806 g. 

Bngulan rotation (2 dm.) poss k tae ele mene ere ee —1,55° 
[a] = —27.62° 

[a]? levulose= —92.5°; dextrose, =52.5 percent 

— ae ( — § 32 — 64 

ee eee =— ot 88 44.74 percent dextrose 


0.2806 X 0.4474=0.1 

0.2806 X (1— 0.4474) 

0.1255 X 2.5 x 100 
0.9958 


0.1550X 2.5100. hy 
0.9058 38-91 percent levulose 


255 g. dextrose 
=0.1550 g. levulose 


=31.51 percent dextrose 


Found by selective adsorption method, 
30.79 percent dextrose, 
39.15 percent levulose. 


Table 24 shows the values obtained for the five samples. It also 
shows an analysis of variance of these data. The variance is almost 
entirely due to materials (different honey samples); that due to the 
methods is not significant at the 5-percent level for either dextrose 
or levulose. (F = 6.4 and 0.33; critical values at the 5-pereent 
level = 6.39 for materials and 7.71 for methods.) 

The agreement between the values obtained by weighing and by 
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Taste 24.—Determination of dextrose and levulose in monosaccharide 
fractions by 2 methods 


Dextrose Levulose 
Sample 
Chemical | Polarim- | Chemical | Polarim- 
etric etric 
Percent Percent Percent Percent 
30. 79 31. 51 39. 15 38. 91 
33. 57 34. 57 37. 55 36. 55 
33. 15 33. 87 38. 82 38. 40 
29. 47 30. 22 38. 69 39. 77 
3. 52 33. 21 38. 65 38, 24 
| 
| 
PAV ELSPOmmeeoa seen ce 32. 10 32. 68 38. 57 38. 38 
t 


Analysis of variance 


Dextrose Levulose 
Source of variance D.F. 
j 
8.5 MS: | F 8.5 M.S F 
9 DIAG Wee ae eee a 7.15 eae ae 
4 26. 08 | 6. 52 5. 87 1. 47 1. 90 
1 . 83 83 10 10 33 
4 52 So tees ne 1.19 30 Pa 


**Significant at l-percent probability level. Fo.o>=6.39 for materials; 7.71 
for methods. 


caleulation from the dextrose and levulose values in the monosaccha- 
ride fraction is satisfactory. This fraction is the most important in 
honey, making up about 85 percent of the sugars. The 0.40 percent 
discrepancy found for the 17-sample average (table 23) may be com- 
pared with the standard deviation obtained when four honey samples 
were analyzed by three analysts in one laboratory (0.38 percent for 
dextrose, 0.42 percent for levulose) (50). 

The method of analysis of fraction B is a compromise, since it has 
been found to contain maltose, isomaltose, turanose, maltulose, 
sucrose (51), and also kojibiose (47). Some evidence of trehalose (51) 
and leucrose (47) has been obtained. The relative reducing power of 
these sugars varies considerably; kojibiose is reported to have only 
about 6 percent of the reducing power of glucose toward the Shaffer- 
Hartman copper reagent ($1). ‘Trehalose, being nonreducing, would 
not be determined by the procedure used, but would appear in fraction 
B if present. It is therefore likely that the unanalyzed material in 
the disaccharide fraction is at least in part kojibiose. Table 23 shows 
that it varies from sample to sample. The unanalyzed material in 
fraction C averages 0.52 percent. Inspection of the 17 samples shows 
that it does not vary as widely as does that in fraction B, It may be 
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asystematic error in the determination, due to incomplete hydrolysis 
of higher sugars or destruction of fructose in the acid hydrolysis. 

The satisfactory agreement found for dextrose and levulose values 
in the monosaccharide fraction by the two methods, plus the agree- 
ments between weighed and calculated residues, is evidence for the 
essential accuracy of the analytical procedure. An earlier study of 
five methods of honey analysis—made before the selective adsorption 
method was developed (57)— showed that variance due to methods 
was highly significant and greater than that due to differences among 
honey samples of different floral types. Here, table 24 shows that 
yariance due to samples is about 10 times that due to methods in the 
analysis of monosaccharide fractions by two procedures (chemical 
and physical). Variance due to methods is not significant at the 
5-percent level for either dextrose or levulose. 

In conclusion, comparison of dry weights of fractions from the 
selective adsorption analysis of honey with values calculated from the 
analysis shows that about 2.3 percent of the material passing through 
the charcoal column is not analyzed. Most of this material is in the 
disaccharide fraction and probably represents kojibiose, possibly also 
trehalose. Polarimetric analyses of the monosaccharide fraction from 
the honey analyses gives results for dextrose and levulose not differing 
significantly from those obtained by chemical methods. 


FLORAL SOURCE INDEX—COMMON NAMES, SYNONYMS, 
AND BOTANICAL NAMES 


Most useful sources for the information in this list were Pellett 
(29), and Lovell (24). Oecrtel (27) was also consulted. As pointed 
out by these authors, identical plants may have different common 
(beekeeper’s) names at different localities, and also the same name 
may refer to entirely different plants in different areas. 


Acacia spp., see Catsclaw. 

Acer negundo, see Honeydew, boxelder. 

Actinomeris alternifolia, see Wing-stem. Sample No, 

Alfalfa (Medicago sativa)_..._.....-.-------------- 1-58, 102, 120, 130, 134, 
135, 173, 198-208, 277- 
284, 290, 318, 319. 

Alfalfa honeydew, see Honeydew, alfalfa. 

Alfalfa, wild, see Wild alfalfa. 

Ampelopsis spp., see Peppervine. 

Anaphalis margaritacea, see Pearly everlasting. 

Anligonon leptotus, see Coralvine. 

Arclostaphylos spp., see Manzanita. 

Arrow-weed (Pluchea sericea)_.-.-.--------------- 186. 

“Mdiar (CASH? G03 a eee ager 59-66, 126, 285, 294, 339, 
340, 348, 30. 

Astragalus haydenianus, see Vetch, milk. 


Athel tree (Tamarix aphylla)_...---.------------ 67, 68. 
Avocado (Persea americana)..-- ~--------- _. 430. 
Bachelor button (Centauria cyanus) _ 485. 
Bamboo, Japanese (Polygonum sachalinense)----..- 69. 
Barbarea eilcarte, see Winter cress. 3 
Basswood (Tilia americana) ---.---------------- _ 70-78, 120, 209, 210, 277, 
286-290, 308, 455. 
Bean, lima (Phaseolus limensis)------------------- 79-81. 
n, pea (Phascolus vulgaris) -------------------- 82. 


Bearberry, see Manzanita. 
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Beard-tongue, see Pentstemon. 
Berchemia scandens, see Rattan. Sample No. 
Bergamot (Monarda fistulosa) _------------------- 83. 

Bidens spp., see Spanish needle. 

Birdsfoot trefoil, see Trefoil, birdsfoot. 

Blackberry (Rubus spp.)------------------------- 84-88, 249, 328, 485. 
Black Jocust, see Locust, black. 

Black willow, see Willow, black. 

Blueberry (Vaccinium spp.) ---------------------- 147, 148. 
Blue curls (Trichostema lanceolatum) -------------- 130, 149. 
Blue thistle, see Thistle, blue. 

Blue vervain, see Vervain, blue. 

Bluevine (Gonolobus laevis)----------------------- 24, 150. 
Boneset (Eupatorium spp.)----------------------- 151. 
Boxelder honeydew, see Honeydew, boxedler. 

Brassica campestris, see Mustard. 

Brown knapweed, see Knapweed, brown. 


Buckwheat (Fagopyrum esculentum) --_------------ 152-157, 342. 
Buckwheat, California, see Buckwheat, wild. 
Buckwheat, wild (Eriogonum fasciculatum) --------- 158-162, 420. 


Bugloss, see Thistle, blue. 

Cabbage palmetto, see Palmetto, cabbage. 
California buckwheat, see Buckwheat, wild. 
Canada thistle, see Thistle, Canada. 


Cantelope (Cucumis melo) _ ---------------------- 163. 
Capevine (Lippia nodiflora) __..-.---------------- 164, 
Capeweed, see Capevine. 

Carrot, wild (Daucus carota) --------------------- 165. 


Carya juglandaceae, see Honeydew , hickory. 

Castanea pumila, see Chinquapin. 

Catmint, see Catnip. 

Catnip! (Nepeta cataria)_--.._---.--------------- 73, 350. 

@atsclaw, (Acacia spp.)-------------------------- 422. 

Ceanothus velutinus, see Snowbrush. 

Cedar honeydew, see Honeydew, cedar. 

Centauria cyanus, see Bachelor button. 

Centauria nigra radiata, see Knapweed, brown. 

Centauria repens, see Knapweed, Russian. 

Centauria solstitialis, see Thistle, star. 

Cherry (Prunus cerasus)---------- 

Cherry, wild (Prunus serotina) - - _. 166. 

Chickweed (Stellaria media) _____.-.-------------- Mazo: 

Chinese tallow tree, see Tallow tree. 

Chinquapin (Castanea pumila) ------------------- 167-169. 

Cirsium arvense, see Thistle, Canada. 

Citrus paradisi, see Grapefruit. 

Citrus sinensis, see Orange. 

Clethra, see Pepperbush. 

Clethra alnifolia, see Pepperbush. 

Cliftonia monophylla, see Titi, spring. 

Clover (unspecified) (Trifolium spp.)-------------- 25, 26, 74-77, 119, 120, 124, 
165, 216, 247, 248, 251- 
305, 341, 348, 358, 427, 
435, 439, 450, 456, 457, 


460. 
Clover, alsike (Trifolium hybridum)-_.-.---------- 25, 134, 170-175, 216, 228, 
242, 248, 267, 268, 282 


Clover, crimson (Trifolium % tum) 1761823: ee 

y srims rifoltum incarnatum) --...-.---- —182, 247, 272. 
Clover, deer, see Wild alfalfa. pers 
Clover, Dutch, see Clover, white. 


Clover, hop (Trifolium procumbens)_........_..... 181, 247. 
Clover, hubam (Melilotus alba var. annual) - eee 183-186. 
Clover, ladino (Trifolium repens latum)__--.------- 173, 216, 268, 294, 444. 


Clover, Mexican, see Mexican clover. - 
Clover, Persian (Trifolium resupinatum) 249. 


. 
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Sample No. 
Clover, red (Trifolium pratense)___-_._.._.-_____- 187, 247, 450. 
Clover, strawberry (Trifolium fragiferum)___._____- 188. 
Glover,,sweet (Melilotus spp.)------------.--21 15. 25, 33-57, 78, 82, 102, 117, 


118, 135, 174, 189-229, 
248, 250, 267, 272, 282) 
285, 285, 287, 288, 292° 
ov. 


Clover, sweet, white (M/elilotus alba)___-__._______ 216, 221-229, 299. 
Clover, sweet, yellow (Melilolus officinalis)__._..___ 58, 217-229, 288. 
Clover, white (Trifolium repens) ._----.---------_- 25, 112, 118, 122, 123, 175, 


188, 228-250, 267, 268, 
272, 283, 285, 287, 292, 
294, 299, 303, 363, 428, 


434, 458. 

Clover, white, Dutch, see Clover, white. 

Coralvine (Antigonon leptotus)___...._..--.-.-.--- 306, 307. 

Cotton (Gossypium hirsutum). -.....------------- 27, 119, 244, 245, 293, 308- 
319, 422. 

Cranberry (Vacciniwm macrocarpon) _...----.----- 320, 321. 

Crotalaria (Crotalaria striata).._._._-__---....--_- 322. 


Crotalaria striata, see Crotalaria. 

Crownbeard, see Wing-stem. 

Crysothamnus nauseosus, see Rabbitbrush. 

Cucumber (Cucumis sativus)............-..----=-- 323. 

Cucumis melo, see Cantelope. 

Cucumis sativus, see Cucumber. 

Cyrilla parvifolia, see Titi. 

Dandelion (Taraxacum officinale) ..........-.----- 99, 134, 246, 487. 

Daucus carota, see Carrot, wild. 

Deer clover, see Wild alfalfa. 

Echium vulgare, see Thistle, blue. 

Epilobium angustifolium, see Fireweed. 

Eriogonum fasciculatum, see Buckwheat, wild. 

Eucalyptus (Hucalyptus spp.)----------------.--- 324, 325. 

Eupatorium spp., see Boneset. 

Everlasting, see Pearly everlasting. 

Fagopyrum esculentum, see Buckwheat. 

Fireweed (Zpilobiwm angustifolium)_.....-..------ 326-328. 

French pink, see Bachelor button. 

Gaillardia pulchella, see Marigold. 

Wallbexnye (ler g1@0rd) =. -aceaeoneeno-lseee see 125, 180, 329-335. 

Gaylussacia baccata, see Huckleberry. 

Golden honey plant, see Wing-stem. 

Goldenrod (Solidago spp.) ..--...---------------- 28, 29, 65, 66, 82, 120, 126, 
157, 294, 295, 336-343. 

Gonolobus laevis, see Bluevine. 

Gossypium hirsutum, see Cotton. 


Grape, scuppernong (Vitis rotwndifolia)___.-------- 344. 
Grapefruit (Citrus paradist)_......._..-.--.--._.- 380-398. 
Grindelia squarrosa, see Rosinweed. 

Gum, black (Nyssa sylvatica)__......__---.------- 345. 


um, sour, see Gum, black. 
Gumweed, see Rosinweed. 
Hairy vetch, see Vetch, hairy. 
Heartsease (Polygonum spp.)--------------------- 81, 128, 228; 296, 346-350, 


Oliva (lento Gc) sie eso a kon ee 335, 351-353. 
Honeydew (anapecttied) ea" ahr ase 30, 112, 211, 434, 445, 458, 


503-505. 
Honeydew, alfalfa (Medicago sativa) Y 
Honeydew, boxelder (Acer negundo) 


617147°—62—_5 
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Sample No, 
Honeydew, cedar (Libocedrus decurrens) - .---~----- 493-495. 
Honeydew, hickory (Carya juglandaceae) -_-------- 496. 
Honeydew, oak (Quercus fagaceae) 497-501 


Horsemint (Monarda punctata) -_---- 
Huckleberry (Gaylussacia baccata) 
Ilex glabra, see Gallberry. 

Ilex opaca, sce Holly. 

Japanese bamboo, see Bamboo, Japanese. 
Japanese knotweed, see Bamboo, Japanese. 
Kalmia latifolia, see Mountain laurel. 
Knapweed, brown (Centaurea nigra radiata) ___- ~- 
Knapweed, Russian (Centaurea repens) .----------- 

Knotweed, Japanese, see Bamboo, Japanese. 

Laurel, see Mountain laurel. 

Lespedeza, perennial (Lespedeza sericea) _.--.------ 359. 
Lespedeza sericea, see Lespedeza, perennial. 

Libocedrus decurrens, see Honevany, cedar. 

Ligustrum spp., see Privet. 

Lima bean, see Bean, lima. 

Linden, see Basswood. 

Lippia nodiflora, see Capevine. 

Lirtodendron tulipifera, see Tulip tree. 

Locust, black (Robinia pseudo-acacia) .------------ 302, 360-363. 
Loosestrife, see Purple loosestrife. 

Lotus corniculatus, see Trefoil, birdsfoot. 

Lotus glaber, see Wild alfalfa. 

Lythrum salicaria, see Purple loosestrife. 


MallowndunWwa spp) eaee oo += 364. 
Malva spp., see Mallow. 

Manzanita (Arctostaphylos spp.)------------------ 365, 366. 
Marigold (Gaillardia pulchella) .....-------------- 297, 367. 


Matchweed, see Capevine. 

Mat grass, see Capevine. 

Medicago sativa, see Alfalfa. 

Melilotus spp., see Clover, sweet. 

Melilotus alba, see Clover, sweet, white. 

Melilotus alba var. annual, see Clover, hubam. 

Melilotus officinalis see Clover, sweet, yellow. 

Mentha spp., see Mint. 

Mentha piperita, see Peppermint. 

Mentha spicata, see Spearmint. 

Mesquite (Prosopis glandulosa)_-_-.-------------- 31, 119, 368-70. 
Mexican clover (Richardsonia scabra)____---------- 371. 
Milk vetch, see Vetch, milk. 

MUInGMUMentia SPD. )enne ee. = — So sae 372. 
Monarda fistulosa, see Bergamot. 

Monarda punctata, see Horsemint. 


Mountain laurel (Kalmia latifolia).._.___._----_--- 373. 
Mountain stickweed, see Wing-stem. 
Mustard (Brassica campestris).._-_.-----------.-- 220, 302, 374. 


Nepeta cataria, see Catnip. 

Nyssa sylvatica, see Gum, black. 
Nyssa ogeche, see Tupelo. 

Oak honeydew, see Honeydew, oak. 


Oak, poison (Ihus diversiloba)..____- .-- 375, 376. 
Orange\(Crirus sinensis). -----..------...--.....- 377-393. 
Oxydendrum arboreum, see Sourwood. 

RANIGLLON NS GUGL EDD») stiase eae pee ea 125, 394. 
Palmetto, cabbage (Sabal palmetto) __ .. 395, 396. 
Palmetto, saw (Serenoa serrulata)_......---.---__- 397, 398. 
Pea bean, see Bean, pea. 

Reach CPmimnussperetcd) aoa aw ooo anon 99. 
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Sample No, 
REA Uf EsSIS DDI) Sa oa wt wie eo a oe a 99. 
Pearly everlasting (Anaphalis margaritacea) _ 
Pentstemon (Pentslemon spp.)_--.-----___- 
Pepperbush (Clethra alnifolia)__.________ 
Peppermint (Mentha piperita)_._________ -- 401, 402 
Peppervine (Ampelopsis spp.) ------...__.____ ~.-- 408, 437. 


Phaseolus limensis, see Bean, lima. 

Phaseolus vulgaris, see Bean, pea. 

Pluchea sericea, see Arrow-weed. 

Poison oak, see Oak, poison. 

Polygonum spp., see Heartsease. 

Polygonum sachalinense, see Bamboo, Japanese. 

REVUE CLAGUSELUNY SPD.) = = ma cen nen eee 166, 298, 404, 405. 

Prosopis glandulosa, see Mesquite... 

(EO (UPL OEE) oS) ee 

Prunus spp., see Prune. 

Prunus cerasus, see Cherry. 

Prunus persica, see Peach. 

Prunus serotina, see Cherry, wild. 

Purple loosestrife (Lythrum salicaria)_..---------- 407, 409. 

Pyrus spp., sce Pear. 

Quercus fagaceae, see Honeydew, oak. 

Rabbitbrush (Crysothamnus nauseosus)__..-------- 58. 

Raspberry (Rubus occidentalis) .__..._._-_--..-___ 122, 123, 303, 343, 410-413. 

Rattan, see Berchemia scandens. 

Rebel-weed, see Purple loosestrife. 

Rhododendron (Rhododendron spp.)_-------------- 414. 

Rhus spp., see Sumac. 

Rhus diversiloba, see Oak, poison. 

Rhus typhina see Sumac, staghorn. 

Richardsonia scabra, see Mexican clover. 

Robinia pseudo-acacia,see Locust, black. 

TX GReM (OECIBDD) a ao in ots eee ee 99. 

Rosinweed (Grindelia squarrosa)....-.------------ 415, 416. 

Rubus spp., see Blackberry. 

Rubus occidentalis, see Raspberry. 

Russian knapweed, see Knapweed, Russian. 

Sabal spp., see Palmetto. 

Sabal palmetto, see Palmetto, cabbage. 

BINGEN IULOASDD:) 2.0 s'= ose Socom ac oe eee oe AT a 

Sage, white (Salvia apiana) 

Salix nigra, see Willow, black. 

Salvia spp., sce Sage. 

Salvia apiana, see Sage, white. 

Sapium schiferum, sce Tallow tree. 

Salt cedar (Tamarix gallica)__.......---.--------- 186, 424, 

Saw palmetto, see Palmetto, saw. 

Serenoa serrulata, see Palmetto, saw. 

Smartweed, see Heartsease. 

Snowbrush (Ceanothus velutlinus)_.---------------- 428. 
nowvine, see Peppervine. 

Solidago spp., see Goldenrod. 

Sorrel tree, see Sourwood. 

Sour gum, see Gum, black. 

Sourwood (Oxydendrum arboreum)_.-------------- 299, 424-428. 

Spanish needle (Bidens spp.).------ 

Spearmint (Mentha spicala)........-------------- 432. 
pring titi, see Titi, spring. 

Star thistle, see Thistle, star. 

Stellaria media, sce Chickweed. 
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Stickweed, see Wing-stem. 

Strawflower, see Pearly everlasting. Sample No. 
Sumac (Rhus spp.) - ---------------------------- 111, 112, 134, 428, 433,434. 
Sumac, staghorn, (Rhus typhina)_ 435. 

Sunflower (Helianthus spp.)---- 
Swamp willow, see Willow, black. 
Tallowtree (Sapium schiferum) ------------------- 437. 
Tamarisk, see Athel tree, Salt cedar. , 
Tamariz aphylla, see Athel tree. 

Tamariz gallica, see Salt cedar. 

Tarazacum officinale, see Dandelion. 


Tarweed (Hemizonia fasiculata) ---.-------------- 130. 

Thistle, blue (Echium vulgare) -_------------------ 243, 291, 292, 438, 439. 
Thistle, Canada (Cirsium arvense) - - -------------- 135, 328. 

Thistle, star (Centaurea solstitialis) ___.------------ 130, 440-445, 495, 502. 
Thyme (Thymus serpyllum) __-~------------------- 446. 


Thymus serpyllum, see Thyme. 
Tilia americana, see Basswood. 


Miti(Gyrillamparvifolia)s.------------------------ 447. 
Titi, BPEDE (Cliftonia monophylla) ---------------- 448. 
Trefoil, birdsfoot (Lotus corniculatus)__.---------- 187, 304, 449, 450, 476. 


Trichostema lanceolatum, see Blue curls. 
Trifolium spp., see Clover. 

Trifolium fragiferum, see Clover, strawberry. 
Trifolium hybridum, see Clover, alsike. 
Trifolium incarnatum, see Clover, crimson. 
Trifolium pratense, see Clover, red. 
Trifolium procumbens, see Clover, hop. 
Trifolium repens latum, see Clover, ladino. 
Trifolium repens, see Cloyer, white. 
Trifolium resupinatum, see Clover, Persian. 
Tulip poplar, see Tulip tree. 


Tulip tree (Liriodendron tulipifera) ..~------------ 87, 88, 111, 112, 134, 182, 
363, 451-461. 

Mupelo, (ONS ETIG QAI) a eee ee ee eee ee 345, 462-467, 

Whe yin (URE. a5 Sek ee eee a 468. 


Vaccinium spp., see Blueberry. 
Vaccinium macrocarpon, see Cranberry. 
Verbena, see Vervain, blue. 

Verbena hastata, see Vervain, blue. 
Verbesina alternifolia, see Wing-stem. 


Vervain, blue (Verbena hastata)_._.--.------------ 211, 212. 

Watcht(Vaciaiepp eee 180, 214, 244, 272, 305, 353, 
460, 469-476. 

Vetch, hairy (Victa villosa)_-_.------------------ 477-486. 

Vetch, milk (Astragalus haydenianus-------------- 487. 


Vicia SPP.» see Vetch. 

Vicia villosa, see Vetch, hairy. 

Vipers bugloss, see Thistle, blue. 

Vitis rotundifolia, see Grape, scuppernong. 
White alder, see Pepperbush. 

White sage, see Sage, white. 

White tupelo, see Tupelo. 

Wild alfalfa (Lotus GLUE) eit nee ae ac = 421. 
Wild buckwheat, see Buckwheat, wild. 
Wild carrot, see Carrot, wild. 

Wild cherry, see Cherry, wild. 


Willow, black (Salix nigra) .-..--------.--------- 249, 488, 489. 
Wing-stem (Actlinomeris alternifolia) (Verbesina 

alternifolia). : 
Winter cress (Barbarea vulgaris) ._..-.------------ 491. 


Yellow rocket, see Winter cress. 
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SAMPLE LOCATION INDEX, BY STATES 


State Sample No, 

IADANIN ete oe a 334. 

(ADCO. <a 122, 123. 

NERC: 12, 27, 31, 67, 308, 310, 313, he 364, 369, 370, 422. 
ATKANSA Se es eS = 115, 143, i81, 403, 431, "471, 

(CA Coa) PS 3-8, 10, 21, 23, 68, 79, 116, nu, 144, 149, 158-162, 


168, 169, 186, 311, 312, 316, '318, 319, 324, 325, 
366, 368, 377- 379, 393, 406, 417-421, 423, 440-444) 
469, 470, 473, 475, 492- 495, 497, 499, 500, 502. 


Chitneh).." 14, 30, 35, ’52, 53, 55, 58, 172, 285, 487. 

Connecticut.__..-_--_--- 253, 339, 433, 496. 

DEVON => 10. 

haya als, 69, 125, 151, 164, 167, 177, 235, 266, 322, 330, 380- 
392, 394-398, 4136, 447, 462- 467, 498, 

(Choate 84, 176, 178, 329, 331, 332, 371. 

Bow. None. 

IGN). =-«=-- 19,38, 36; 135. 

IM it). | 0 126, 191, 215, 216, 222, 225, 227, 268, 348. 

voi ——————— 66, '83, 175, 229, 267, 350, 300, Ae 4. 

li. 20, 51, 73, 194, 205, 209, , 226, 228, 265, 270, 
b86, 296, 301, 323, '372, “6. 

och. 221. 

TS nielsy. 2) 50, 62, 63, 238, 255. 

Loy y0) 101, 137, 530, 249, 315, 437, 479, 488. 

ing... 124. 

MADEN Gee oc on om mn ust. 498, 155, 157, 190, 196, 291, 351, 352, 361, 374, 
51, 4 

Massachusetts. - -_---.-- 60, 147, 257, 320, 321, 346, 400. 

Michigan@ern ic )....-... 29.82, 249, 248, 250, 273, 407. 

BUSTIN BO GAVE ici ines mies 26, 76, 77, 78, 81, 104, 117, 118, 120, 121, 153, 156, 


170, 208, 211, 212, 223, 254, 264, 271, 277, 283, 287, 
290, 347, 349. 

Mississippi_--.......-..- 141, 179, 180, 244, 247, 333, 448. 

MGEROUTI Bete e! cane 24, 89, 127, 150, 231-233. 

Winn) -) 2 15, 16, 25, '34, 37, 38, 45, 46, 49, 50, 54, Bt peeang 
502; 206, 207, 318- 220, 282, 357, 358, 416, 


Nebraska_..__._____ a 18, 28, 217, 276, 278, 279, 284. 
Nevalneeeion sa. 22.5... 2 305. 
New Hampshire________- 106 338. 
New Inc) 99, 134, 148, 237, 298, 429, 480, 461. 

Ney IME IGOM ee on an. None. 

INGwavonks.-2.-....-..- 113, 114, 174, 213, 243, act Pee 304, 340, 342, 343, 

399, 408, 410, 411, 438, 4 

North Carolina_._.__.___ 90, 344, 345, 359, 409, 414, “04, 425, 460, 468, 505. 
North Dakota__._..----. None. 

hio 70, 116, 154, 171, 274, 362, 491. 

rises ae Ie ) on) 102, 129, 189, 197, 214, 315, 477, 486. 


138 165, 173, 326-328, 353, 375, 376, 445, 472, 474, 
476, 480, 482-485, 501. 

Pennsylvania ---..._-_- 61, 74, 103, 105, 128, 132, 136, 139, 142, 146, 152, 195, 

256, 259-263, 302, 336, 337, 356, 412, 413, 455, 456, 


459. 

Rhode Island__________- 91-98, 106-109, 133, 140, 258. 

South Carolina_.________ 335. 

South Dakota___________ 17, 47, 193, 201. 

Mennesseason es 145, 166, 182, 234, 245, 272, 373, 427, 453, 457, 481, 
490. 

ISO)... 119, 163, 183-185, 293, 297, 300, 306, 307, 309, 317, 
Boh 355, 367, 404, 405, 478, 

ah a 

SrMmOnUeeese saa ak 352, 449, 503. 
Narrininweemee mfr 111, 112) 192, 299, 363, 426, 428, 434, 435, 458, 504. 


Washington... __- 187, 188, 241, 280, 401, 402, 432, 450. 
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State Sample No, 

West Virginia__......... 292, 439. re 

Wisconsin -_-__ .. 64, 65, 72, 75, 131, 236, 239, 240, 246, 251, 275, 281, 
288, 289, 294, 303. 

Wyoming__-.----..--.-- 9, 13, 39-44, 48, 56, 203, 204, 224. 


SOURCE, DESCRIPTION, AND INDIVIDUAL ANALYSES OF 
HONEY AND HONEYDEW SAMPLES, AND AVERAGES BY 
STATE OF ORIGIN AND BY PLANT FAMILY 


Full information on each honey sample is given in table 26. This in- 
cludes crop year (1956 or 1957), date of removal from the bees, floral 
source or sources, comments offered by the producer or the authors, type 
and extent of heating the honey, a brief note on the physical condition of 
the sample when received at the laboratory, the producer’s name and 
address, and the specific area of production of the honey sample. The 
State, when not given in the last column, is the same as the address of 
the producer. ‘The location of each sample is shown on the map 


fig. 1). 

: The samples are listed in alphabetical order by the common name 
of the principal floral source. In order to collect the highly important 
legume types together, the names are inverted. A few sources, named 
“clover”? but not true clovers, are found elsewhere in the table, e.g. 
Mexican clover, deer clover. The unmodified designation ‘clover’ 
is used for all samples so named by the producers. In addition, if the 
producer listed a number of clovers for a single sample, it has been 
designated “clover.” 

In general, if the producer indicated more than two floral sources, 
the sample is listed as a blend, further described according to time of 
harvesting. For some samples, the producer may have listed a third 
or fourth source but as present only in minor amounts. ‘This is usually 
shown under “Comments.” 

We have included a considerable number of blends in this work. In 
many areas bee pasture of single plants is not extensive enough to 
Remit harvesting single-types or even mixtures of a few floral types. 
Much honey is produced and sold in such areas, and it is hoped that by 
including information on time of collection and harvest, and specific 
location of production where possible, these blends will be sufficiently 
well characterized so that the data in this publication will be useful 
for these types of honey also. All blends are listed as natural; this 
implies that they were blended by the bees or at extraction, and not by 
mixing of known floral types by the beekeeper. They are character- 
ized in time of production and harvesting as spring, summer, fall, or 
season (all three) blends. Such blends do not vary widely over the 
long run in one locality. : 

The time of cee from the bees is listed in table 26 as given by 
the producer. Samples occasionally were not received at the labora- 
tory until several months later. Where a sample is described as un- 
heated, a producer has so stated. If no information was given by the 
producer, this column was left blank. It had been emphasized in 
soliciting the sample that unheated samples were preferred. 

The results of the analytical examination of the honey samples are 
detailed in table 27. This table is interleaved with table 26 so that 
full information is available on any sample without turning pages. 
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Where the number of samples of similar type justifies it, average 
values are inserted into table 27 following the group. For some 
important floral types, averages are given for each crop year, 1956 
and 1957 followed by averages for both years. For example, in 
table 27, samples 1 to 10 (single space) are 1956 alfalfa, followed by 
their average. Next are given samples 11 to 23, 1957 alfalfa, fol- 
lowed by their average. The average for all alfalfa samples is given 
in the next line. Sample 24 is one-of-a-kind, with no average given. 
Sample 25 and 26 are both alfalfa-clover blends, and their average 
follows No. 26. 

Samples 1 to 491 were classified by their producers as honey and 
the remainder, 492 to 505, as honeydew. Some floral-type honey 
samples were stated by the producers to contain some honeydew, and 
are so described in table 26. Many other samples probably contained 
some honeydew, judging by the flavor. After sample 505 are several 
lines of averages; their identities are given at that place. 

The average values in table 27 are all simple numerical averages, 
except for the pH values. Here the numbers were necessarily con- 
verted to hydrogen ion concentration, averaged, and the result con- 
verted back to the logarithmic pH form. 

In order to display all of the analytical information in one table, it 
was necessary to code two of the values, color and granulating 
tendency. 

For color, the numbers refer to the U.S. Color Standards for ex- 
tracted honey, with two numbers representing light and dark parts of 
each color class, as already described. ‘The code is given on page 6. 

Averaging these code numbers probably does not accurately repre- 
sent the color of a mixture of the sample of various color classes, but 
it is indicative and we believe gives a useful idea of the “average” 
color of a group of samples. 

The code values for granulation represent an increasing scale of 
granulation after storage under fixed conditions (see p. 6). It does 
not repeat the information given under “Condition” in table 26, but 
is considered supplemental to it. In most cases the degree of granu- 
lation given in table 26 under “Condition” is indicative of the behavior 
of the unheated, frequently unstrained, honey with whatever natural 
seeding it has been subjected to in extraction and handling by the bee- 
keeper. In table 27 the data under “Granulation” gives some infor- 
mation on the tendency of the honey to granulate in undisturbed 
storage, after heating to eliminate seed crystals. The heating treat- 
ment used was actually milder than most commercial processing. 
Here again it might be debatable whether the average code number 
accurately depicts the granulating tendency of a mixture of samples, 
but since the numbers represent an increasing degree of granulation, 
and since granulating tendency depends on honey composition, we 
feel that this value is useful. 

The values listed in table 27 under “Age” give the number of months 
between the removal of the honey from the hive and the carbohydrate 
analysis. We have found that the carbohydrate composition of 
honey changes with time (58). Data supporting this view were pre- 
sented earlier in this bulletin. If for any reason it should be desirable 
to estimate the composition of honey as harvested or after certain 
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periods of storage, these “Age” values may be useful. This infor- 
mation is missing from previous compilations on honey composition. 
For example, the data published by Browne (9) resulted from anal- 
yses of honey samples gathered for an exposition in 1903; there is no 
indication of their age when analyzed. 

The values for the sugars (and all other values in the table) are 
based on the honey sample at the moisture content shown in the ta- 
ble. As previously noted, under certain circumstances (sucrose and 
higher sugars each over 1 percent), melezitose was usually deter- 
mined. All results are given under the column headed ‘‘melezitose”’ 
in table 27. Where the value .00 is recorded, no melezitose was 
found. A blank in this column shows that melezitose was not deter- 
mined; it may have been present in small quantity. Averages in this 
column would be misleading whether calculated on the total number 
of samples or on the number of melezitose analyses and hence are not 
shown in the table. 

The column in table 27 labeled ‘‘Undetermined” is intended to 
represent nonsugar material in the sample, since it is the difference 
between the total solids (100—moisture) and the sum of the five (in 
some cases, six) sugar determinations. Actually this value includes 
some sugar material not analyzed in the method. This is discussed 
in the sections on storage of honey and accuracy of carbohydrate 
analyses. 

The pH values in the table are those of diluted honey solutions 
(13.25 percent) in carbon dioxide-free distilled water prior to the 
determination of acidity. 

The next three columns are expressions of the acidity of the samples. 
All three are expressed as milliequivalents per kilogram of honey. 
This value is numerically equivalent to the reporting of milliliters of 
tenth normal alkali per hundred grams of honey. Acidity has been 
commonly expressed in past honey analyses as “percentage of formic 
acid”. It has long been known that formic acid is of only minor im- 
portance in honey. A recent study of the acidity of honey (42) has 
shown that gluconic acid is the principal acid of honey, with citric 
acid next in importance. Many other acids have also been identified 
(41). The custom of expressing acidity of honey as formic acid is of 
no value, and since so many acids are present, it is more logical to 
give the values in milliequivalents per kilograms. These can be con- 
verted to “percentage of formic acid” if desired for comparative pur- 
poses by multiplying by 0.0046 or to ‘percentage of gluconic acid” 
by multiplying by 0.0196. 

The first column, “Free acidity”, corresponds to the acidity values 
previously | reported for honey (9, 12, 25). The column labeled 
‘lactone” is a new acidity measure for honey (46). It is probably 
largely gluconolactone (41). It does not include all of the gluconic 
acid in honey, since the lactone form of the acid is in equilibrium with 
the free acid form. The amount of lactone can be expressed as “‘per- 
centage of gluconolactone” by multiplying by 0.0178. The column 
headed ‘‘Total acidity” is the sum of free and lactone acidity. The 
lactone content might be considered as a sort of “acidity reserve” 
since a partially neutralized honey will become more acid on stand- 
ing due to hydrolysis of the lactone. The values in the column 
headed “lactone/free acid” are the ratio of lactone to free acidity. 
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Diastase values were determined on 292 honey samples. Of these, 
272 had been stored at —20° C. immediately after receipt at the 
laboratory. Since deterioration in frozen storage is negligible, these 
values represent the diastase content of the samples as received from 
the producer. Nine of these samples are described in table 26 but 
not listed in table 27, since no other analyses were done on them. 
These values are as follows: No. 41, 10.3; No. 112, 33.3; No. 113, 
14.3; No. 115, 46.2; No. 265, 14.6; No. 270, 15.8; No. 273, 41.4; No. 
411, 10.9; No. 458, 26.7. The remaining 20 samples were analyzed 
for diastase after varying periods of room-temperature storage. 
These are listed in table 25, together with the age of the samples 
and the number of months elapsed before receipt of the sample. 
These values are, in general, low and show the effect of storage for 
1 to 2 years at room temperature. 

For 20 of the samples for which diastase was determined on the 
frozen portions, the portion stored at room temperature was also 
analyzed for diastase, thus providing information on the effect of 
room-temperature storage on diastase content of honey. This work 
is reported in detail earlier in this bulletin. 


TaBLE 25.—Diastase content of samples stored at room temperature 


Age— 
Sample No. Diastase 
value 
At receipt | At analysis 
Months Months 
Se ea 5 27 9. 4 
Woo ee 11 27 14.5 
OR ore ee 0 1 12.8 
WL 8 12 13. 5 
1D a rE 3 10 11.5 
WG) oo. 2 rr 5 13 13. 0 
1). oe 123 23 20. 7 
QO). 2 ee rrr 19 26 8.5 
OE on a rea 5 13 12, 2 
TP oa a 6 12 8. 2 
CO 2 rrr 8 13 12.0 
OD). rr 0 10 8.3 
Oil on 25 25 13. 2 
BY a 4]: 11 6. 6 
AES ooo ae ee 12 12 10.8 
Bl) | Pe a 1 22 71 
Wo ao es 4 13 8.6 
ae eo a eae i 10 36 
Wh .. eer 4 12 11.2 
JN oe 6 13 4. 0 


'Stored at 55°-60° F. by producer. 


Diastase values in the tables are expressed in the same units used 
in the older Gothe method. The diastase value is the number of 
centigrams of starch (ml. of 1-percent starch) converted to the 
prescribed end point per hour per gram of honey under the test 
conditions. 
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